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ABSTRACT 
This project set out to investigate the behaviour of a pole frame house subjected to a 
lateral wind load. 
The behaviour of poles embedded in the ground was examined. The existing 
theoretical methods for determining lateral load capacity of an embedded pole were 
reviewed, and three common methods of pole embedment were tested at different 
depths to gauge the response of poles and types of pole embedment to a lateral load. 
The most suitable embedment method was used in the foundation for a full-scale 
model pole house, which was constructed and tested at various stages during the 
construction to examine the response of a pole house to lateral wind load. The full 
scale testing was also used to monitor the effect of the various structural components 
on the overall stiffuess of the house. 
The results from the full scale tests were used to calibrate a computer model of a 
pole house which could then be used to predict the behaviour of different 
configurations of pole house construction without the need for further expensive full 
scale tests. 
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Chapter 1. Introduction 
This thesis describes an investigation of the construction effectiveness of pole frame 
houses with respect to structural response to lateral loading, and the formulation of a 
computer model able to be used in the initial design phase. Domestic timber 
construction has been extensively studied, particularly in the wake of such 
catastrophic events as Cyclone Tracy and Cyclone Althea, both of which highlighted 
serious shortcomings in the standard building practices of the time. Pole frame 
housini! is included as a subset of ordinarv domestic timber construction and has 
~ J 
benefited from advances in that field. However there has been little attention paid to 
the inherent differences in the structural make up and the possible advantages when 
using large round timber members as the main framework for a building. As a result 
of this, pole house design has been largely an empirical process. 
Since the interaction of the structure with the soil is an important aspect of building 
behaviour it was necessary to begin the research at the foundation level and examine 
the behaviour of poles embedded in the ground. The pole foundation was found to be 
on the very edge of existing pile knowledge and practice, but was not covered by any 
existing pile design criteria. This was because the body of work on piling generally 
deals with deeper embedment depths than those of a pole house footing. 
The existing theoretical methods for determining lateral load capacity of an 
embedded pole were reviewed, and three common methods of pole embedment were 
tested at different depths to gauge the response of poles and types of pole 
embedment to a lateral load. The most suitable embedment method of backfilling 
with concrete was used in the foundation for a full-scale model pole house. This full 
scale model house was constructed and tested at various stages during the 
construction to examine the response of a pole house to lateral wind load. 
During construction of the pole house, full scale testing was used to monitor the 
effect of the various structural components on the overall stiffness of the house. The 
results from the full scale tests were used to develop and calibrate a computer model 
of a pole house which could then be used to study the behaviour of different 
configurations of pole house construction and site conditions. This would provide 
designers with a tool that could be used to quickly investigate and validate design 
alternatives. 
1.1 Scope 
The specific objectives of this project were to: 
• Establish the behaviour of pole foundations that were too shallow to be covered 
by existing pile theories. 
• Construct a full scale pole house and monitor its deflection response to lateral 
loading at all sequential construction stages. 
• Use the results from the pole embedment and construction tests to calibrate a 
computer model which could then be used by designers to estimate deflection 
behaviour of pole frame houses in different structural configurations and site 
conditions. 
1.2 Outline 
The remaining part of this section provides an outline of the contents ofthe thesis. 
Chapter 2 describes the various types of pole structures used around the world and 
outlines the advantages of such structures. An introduction to pole house design, 
including fonnrlation and framing design, is provided. The chapter then presents the 
results of an extensive literature review on pole house design and construction. 
Finally the experimental program adopted for the research is introduced. 
The preliminary and important material property characterization process used in the 
research is descnbed in Chapter 3. Strength groups and stress grades of the various 
timber structural elements are provided and the methodology used for determining 
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individual element stiffness outlined. The stiffnesses of all poles and the various 
sawn timber sections are listed. The chapter concludes with a description of the site 
and laboratory investigations employed to characterize the pole house foundations. 
In Chapter 4 the study into evaluating pole embedment behavior is provided. The 
application of existing pile theory is investigated and the role of embedment depth 
and nature of backfill on embedment strength evaluated. The use of data generated 
during the embedment study to select the method of pole embedment to be used for 
construction of a full-scale test pole house is outlined. 
Chapter 5 describes the design process used for the full-scale pole house that would 
be subsequently used for evaluating pole house design methods and sensitivity of 
design variations. Design was based on local conditions using the Wind Code and 
the TRADAC W33N-W41N Timber Framing Manual. Timber sizing is described 
and a full set of plans provided in the Appendices. 
The experimental set up and instrumentation used for evaluating the performance of 
the pole house at various stages of construction is described in Chapter 6. The design 
and construction of specialized voltage transducers used to measure deflections is 
outlined. A description of the unique load spreading system and datum frame 
assembly used for loading the pole house and recording deflection data is provided. 
The step-by-step construction details of the pole house are briefly introduced in 
Chapter 7. Each stage of construction including pole embedment, ceiling, roofing, 
flooring, bracing, and cladding is fully described in the Appendices. A qualitative 
evaluation of each stage's contribution to the pole house strength is provided. 
Chapter 8 provides a thorough discussion of the test data accumulated as a result of 
stage testing carried out during pole house construction. Load-deflection testing was 
carried out for the full pole house at the various sequential stages of framing, 
attachment of the ceiling, roof sheeting, ridge capping, floor, bracing walls, bracing 
panels, external cladding and finally internal cladding. 
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The development and calibration of a computer model is described in Chapter 9. 
Initially the modelling procedure used for pole embedment tests is outlined and the 
various methods used to model the pole-soil interaction described. The use and 
calibration of the computer package "Multiframe 3D" is described including use of 
rotational springs to model pole embedment and steel strapping to model bracing 
panels. After calibration of the model using actual field data the model was used to 
evaluate different design aspects of pole house construction. The individual and 
combined effects of continuous poles, sloping sites and pinned-based poles were 
studied using the model. 
In the final Chapter the conclusions of the thesis are presented. These are discussed 
under the headings of pole embedment, pole house performance and computer 
modelling. Finally some recommendations are made for further study and research in 
pole house design and modelling. 
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Plate 1. 1. The full-scale pole house constructed for this project. 
5 
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Chapter 2. Pole Frame Housing 
2.0 Introduction 
The use of timber pole frames for residential and small commercial structures is one 
of the oldest and most widespread construction methods in the world. This has 
occurred largely because they are both practical and simple. Since European 
settlement in Australia, logs and round timbers have been used very extensively in 
the farming and livestock industry, and also in many industrial and domestic 
structures. 
Plate 2.1. A simple pole structure used for storage on a farm. 
Domestic pole frame structures (pole houses) essentially consist of a braced 3D 
(three dimensional) grid of poles which support the floor, walls and roof assembly. 
The 3D grid of poles, framing, and bracing, commonly employed to provide the 
skeleton of the structure can be used to raise houses above flood plains, for 
earthquake resistance in the Pacific region, and to provide sub-floor ventilation in 
hot climates. 
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Pole houses are becoming more popular for homesites located where it would be 
uneconomical to build a conventional house. They make viable many areas of land 
within urban regions which until now have remained unused. Pole houses overcome 
awkward site difficulties and provide homes that suit the climate and blend in to the 
natural environment. 
Plate 2.2. Pole frame houses. 
There are two basic types of pole house, pole platform and full pole frame. In a pole 
platform house, the poles stop at floor level and support a platform on which a 
standard type of house is constructed. The traditional Queenslander house on stumps 
is essentially a pole platform construction. In a full pole frame house the poles 
continue through to support roof timbers, and upper floors. Figure 2.1 shows a line 
diagram of each of these types of construction. 
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Pole Frame 
Poles support roof 
~~ 
Normal framing 
Pole Platform 
Poles stop at floor 
Figure 2.1. Schematic representation of pole houses 
2.1 Advantages of Pole Construction 
• Pole frame construction involves minimal disturbance of the ground, with 
typically only ten to twenty holes to be dug for the poles or their footings. 
• Difficult sites can be used as there is no expensive levelling or formwork. 
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• There is no disruption of the landscape immediately surrounding the house so the 
· house appears to blend more naturaliy with the site. The house can even be built 
over rocks and around trees. 
• The underside of the house is open and provides a good space resource which 
can be used for purposes such as recreation rooms, parking vehicles, general 
storage, shaded play areas, and maintenance access. It also provides ventilation 
for moisture and temperature control. 
• In the event of a fire the large round timber members in a pole frame house tend 
to retain their structural integrity for a longer period (than say in a normal timber 
framed building). Large timber members don't burn rapidly or weaken, but they 
char slowly retaining the bulk of their strength. The rate of degradation may be 
expressed as a function of temperature and cross section properties of the timber. 
Round poles have a very good area/perimeter ratio, thus the inhabitants of a pole 
frame house may be provided with more time to escape to safety or to remove 
highly valued possessions from danger. 
• The main structure can be erected quickly, as there are only a small number of 
members. 
• The roof can be fixed before the floors and walls are finished providing weather 
protection for workers and materials. 
• The walls, being non load bearing can be light and their arrangement can be 
flexible. 
• Pole frame construction offers a large variety of architectural design possibilities 
without the large additional expense usually associated with houses that are 
different. 
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2.2 Some Design Considerations 
One of the preliminary design considerations is whether to locate the poles on the 
inside or the outside of the building, or to place them in the plane of the wall. 
Internal poles will be protected from the weather, and so may be a relatively low 
durability of timber, although low durability poles should not be embedded in the 
ground. Floors can cantilever past the poles so for a given sized grid of poles there 
will be more space although the poles do intrude into the living space. 
External poles are sometimes favoured to show that the house is a pole house, but 
this system exposes poles and the ends of the bearers to the weather, so a timber 
species with higher durability should be used. Also, more attention should be paid to 
designing the connections for durability. Having the poles on the outside of the 
structure gives clear floorspace inside, and fewer places where the floor has to be 
fitted around the poles. 
Poles can also be placed in the plane of the wall. A low shrinkage species of timber 
must be used for poles in this situation, in order to minimise movement. This method 
requires a lot of attention to detailing so that the cladding fits neatly to the uneven 
profile of the pole. Also windows need to be isolated from the poles so that pole 
movements don't stress the glass. 
2.3 Poles 
The poles are generally round and tapered but may occasionally be squared off or 
trimmed giving a slight loss in strength but an increase in convenience of 
construction. The basic working stresses and stiffnesses for naturally round timber 
are much higher than for sawn timber. This is because the tree reduces the effects of 
localised defects such as injuries and knots by growing the fibres around the 
discontinuities. During milling the wood fibres are cut and the effects of sloping 
grain, knots, and the release of inbuilt stresses result in a sawn product of lower 
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strength. Therefore pole elements are one of the best ways to utilise timber, saving 
on both wastage and milling costs. 
Poles can be embedded in the ground or supported above the ground on solid pads, 
usually concrete pads. Poles in contact with the ground have to be high durability to 
ensure an adequate service life, this limits the choice of timber to 
1. CCA treated pine 
2. Durability Class 1 hardwoods 
Sapwood in all poles is non durable and must be treated for in-ground contact-
usually with CCA or de-sapped in the hazard zone. 
AS2209 "Timber Poles for Overhead Power Lines" is the only Australian standard 
for grading poles. It covers softwood and hardwood poles, treated and untreated, 
seasoned and unseasoned, dressed, shaped or shaved poles. 
2.4 Foundations 
As with all structures, pole house design commences at the foundation level where 
the interaction of the structure with the supporting soil must be considered. The 
effective design of pole frame houses thus depends upon the type and depth of soil 
embedment. The method of pole installation (embedment) can help control the 
response of the structure to lateral forces including those caused by wind loads. The 
depth of pole embedment used by builders in Australia is typically 4 times the 
diameter of the pole plus its backfill. For example a 230 mm pole (which is often 
used), could be installed in a hole 450 mm in diameter and backfilled with concrete, 
forming an equivalent "composite" pile of 450 mm in diameter. This would then 
have an embedment depth of about 1.6 m. 
Depths of only 1 - 2 m are too shallow to be analysed and designed using normal 
pile theories, as those theories tend to ignore the effects of the top soil layers down to 
a depth of2 -3 pile diameters. Any contribution from these top layers is disregarded 
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due to possible disturbance and also to allow full development of (passive) soil 
stresses. Deflection and rotation calculations outlined in AS2159 Australian 
Standard Piling Code (Standards Australia 1978), do not provide information for pile 
length to pile diameter ratios (Lid) of less than 5. AS 2159 (1995) does not provide 
any calculation methods for pile deflection, instead referring the designer to a 
summary of key references which should offer a reasonable basis for design 
calculations. These texts are specific to pile design and do not deal with the 
relatively short embedment depths pole house designers encounter. 
The method and material used to backfill around an embedded pole has become a 
contentious issue in Australia. Some designers and builders support the use of 
concrete while others suggest that poles should not be encased in concrete because of 
potential degradation of the timber and subsequent pole failure, caused by moisture 
build up around the pole. Pritchett (1996) best summarises the situation as follows: 
"Current research on this issue has concentrated on footings for overhead power 
lines, which because of their full exposure to the ravages of harsh outdoor climate, 
cannot reasonably be compared to the protected and controlled environment 
surrounding pole houses. " 
Certainly hardwood poles should not be encased in concrete unless a facility for 
drainage is utilised, such as no fines porous concrete, to allow water to drain away 
and eliminate the potential of ponding. This aspect has been avoided in this project 
by the use of copper, chrome, arsenic (CCA) treated pine poles to inhibit biological 
decay mechanisms. Since the use of such CCA treated pine poles is widespread in 
Australia, the pole installation method typified normal commercial construction. 
There is little data available for the design of pole embedment and backfill and this 
is one area that requires further study. Poles generally end-bear on a concrete plug or 
punching pad at the base of a 450 to 700 diameter excavation. In soil the punching 
pads usually have a thickness of half the base diameter of the hole. In rock the pad is 
only used to provide a level bearing surface for the pole. Research to date has 
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focussed on embedment of telegraph poles, however the poles in a pole house have a 
significantly different environment and support conditions to a single telegraph pole. 
Where the pole is not embedded in the ground due to shallow rock, durability or 
architectural requirements, then the pole is placed on a metal seat that carries the 
load. The metal seat can effectively deal with lateral and vertical loads, but does not 
have any moment capacity. 
2.5 Bearer to Pole Connection. 
In pole frame construction the design of the bearer to pole connection is crucial. 
Bolted connections alone will only carry light loads. Cut in connections such as the 
load bearing dap are acceptable, but affect the bracing capacity of the pole and may 
affect the durability of the pole. A load bearing dap is the strongest connection and 
should be used for all heavily loaded structures (Pierce 1990). Daps reduce the 
bending strength of the pole by up to 70% and the allowable stress by as much as 
60%. 
Consideration of this joint is an important step in the structural design. 
2.6 Bracing Design 
Bracing can be accomplished with a number of different methods. The poles can 
cantilever out of the ground, bracing sets can be used, either steel bolts or timber 
members, or sheet bracing - plywood, plaster board, hardboard or fibre cement sheet. 
In the upper floors and to roof level, bracing is usually of the conventional type, steel 
angle braces or plywood sheeting to stud wall framing. Sub floor shear resistance is 
provided by cantilever pole action, or bracing sets between poles. 
As well as having sufficient resistance to lateral displacement, bracing systems need 
to ensure that the building is adequately restrained to control the horizontal 
movements in the structure. In pole structures movements are induced by people 
walking, washing machines, wind, and vehicle movements if a carport is attached. 
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The natural frequency of pole houses is often similar to that generated by people 
walking or the action of a washing machine or spin dryer. 
The human body is extremely sensitive to horizontal vibrations in the frequency 
range corresponding to the lowest natural frequency of typical pole houses, typically 
around 2 hertz. Pole buildings are generally a relatively flexible form of 
construction. Quite small lateral and vertical movements insignificant in terms of 
structural strength, can become rather distressing to the occupants of the building 
particularly if they are seated or lying down (Buckett 1977). Structurally acceptable 
levels of movement are totally unacceptable to some people. Stresses in sub floor 
framing systems are likely to be quite low even when induced vibrations cause 
occupants to feel strong discomfort. 
2. 7 Previous Research 
All structures must not only stand and support themselves and the applied dead nad 
live loads but also resist the lateral loads from wind or earthquake (Garrett, 1977). 
A seminar held at the University of Canterbury, in Christchurch, New Zealand, in 
1977 with the theme "Pole Frame Housing, Design and Practice" was important in 
that it brought together engineers and researchers with builders of pole houses. 
Buckett (1977) presented a paper on structural design, which included design tips 
and construction hints. The design method presented follows established procedures, 
using simple design and analysis. This approach can lead to conservative designs, 
especially when dealing with more complex structures. Architectural considerations 
such as the visual and environmental aspects of pole housing were addressed in 
papers by Norton, "Pole Frame Design" and Jackman, "Design and the Site". These 
papers were concerned with functionality of pole design from an architectural 
viewpoint and did not address structural performance. 
Design and construction problems were addressed in the open forum session. Major 
contributors were pole house builders N. Neilsen and P. &T. Roffey who had been 
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involved in the construction of 860 pole houses This session concentrated on 
practical construction problems, such as working on sloping sites, and therefore was 
of little use to designers. 
Walford (1983) presented a paper entitled Pole Structures to the UNIDO Workshop 
on Timber engineering in Melbourne which provided a succinct overview of pole 
construction, but subsequent to that workshop he has not published further on pole 
housing. 
Strength alone is not the sole criterion for performance, buildings are not expected to 
vibrate so as to be uncomfortable (Garrett 1990). Phillips (1985) looked at the 
effectiveness of pole frame structural bracing by testing a simplified 3 - pole frame. 
Phillips found that damping of the braces greatly influenced the response of his 
model and the braces were not as effective as his computer model indicated. He 
concluded that testing on prototype pole houses would be required to resolve some of 
the questions raised regarding damping effects of bracing, bracing effectiveness and 
threshold natural frequency of pole houses. In 1984, Phillips, Wood and Docherty 
investigated horizontal vibration of houses. They were interested in vibration 
performance criteria in New Zealand houses under the action of loads such as wind 
and people walking in them. They carried out wind vibration tests, walking tests, 
forced vibration, and static jacking tests on five wooden houses, and four of these 
were pole houses. Details of dynamic effects other than wind loads are not discussed 
further here as it is beyond the scope of this thesis. 
Ray Crawley is a designer and builder of pole homes, his company Practical Pole 
Horne Plans is the leading builder of pole houses in NSW. Crawleys publication, 
Practical Pole Homes, ( 1988), gives some design and construction hints, but is 
basically a compilation of available pole home plans and is of minor use to a 
structural designer who may be exploring new and innovative structural variations in 
design. 
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Tony Pritchett (1995) is another designer/builder who has written a book "Pole 
House Inclined". Pritchett goes into a little more technical detail than Crawley, but 
again provides a compilation of available pole home plans with only a few hints and 
some connection details. It is not a comprehensive design guide and again would be 
of minor use to designers. 
The best design information to date is in the National Association of Forest 
Industries (NAFI) publications," Notes on Structural Design of Poles", by James 
Pierce (1990), and the NAFI brochures, "Pole Frame Construction" (1989) and "An 
Introduction to Design and Construction of Pole Frame Houses. "(1990). Most of the 
designers and builders contacted cited the NAFI notes as their design guide. Pierce 
addresses foundation design, bracing requirements, and detailing of connections and 
also presents a comprehensive design example. However, the design method tends 
towards simple design, standard details, rules of thumb and simple analysis. This 
type of approach leads to conservative designs, and designers could encounter 
difficulties when faced with more complex structures or unusual structural 
configurations. 
Warwick Donnelly is a structural Engineer in Sydney who has had a great deal of 
experience in the design and construction of pole houses. He presented a paper on 
pole frame construction to the Timber Development Association Conference in May 
1993. The paper is a brief overview of pole frame construction, but it does identify 
areas which may require careful consideration during the design stage. Foundation 
design, bracing, and joint design are the areas identified as requiring special 
attention, but there is no specific design guidance provided. 
Since 1982 The Cyclone Structural Testing Station at James Cook University has 
conducted a testing programme investigating the action of houses resisting high wind 
forces. The data they have been able to gather has helped enormously in the 
understanding of the complexity of the structural action in normal timber framed 
houses. Their testing has enabled weak points and load sharing mechanisms in 
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typical domestic construction to be identified. The research has primarily dealt with 
the behaviour of houses subjected to the high wind loadings experienced in cyclones, 
and an important part of their research deals with fatigue failures due to the cyclic 
loading which occurs during these high wind events. They have not tested any pole 
frame houses. 
To the best of the author's knowledge, there was no reference or research that dealt 
specifically with the investigation of lateral stiffness of a pole frame structure, the 
interaction of the various structural elements, and their individual and combined 
contribution to the lateral stiffness of the structure as a whole. Similarly, no useful 
design tools were found that allowed the typical designer to study variations in 
design parameters and their effect on the behaviour of a pole frame structure. 
2.8 Further Research Required 
"The structural analysis of pole frame houses has generally followed established 
design procedures, largely discounting any possible effects of composite action and 
load sharing for the greatest simplicity" Buckett (1977). Moody (1988) stated of light 
frame structure design "Tests of full scale floor and wall components and a full scale 
house designed by presently accepted methods and using current lumber grades show 
that houses generally are overdesigned. Analytical methods for explaining the overall 
structural performance are not well developed .... For efficient structural design of 
light frame systems a better understanding of all these factors is needed." 
There has been very little detailed evaluation of pole houses to investigate their 
fundamental performance and behaviour when they are subjected to external loads 
such as those caused by wind forces. "Pole Buildings are much more than normal 
timber frames made bigger."(Donaldson 1989). If the load paths within the frame 
can be identified, pole frame houses can then be designed on more rational and 
rigorous basis. 
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"Buildings made from poles have been used on the east coast of Australia for more 
than 150 years. Craftsmen carried with them the lessons learned from building to 
building and so evolved an economical and permanent form of building". 
(Donaldson 1989). Donaldson's words reinforce the point that pole house design and 
construction has been an empirical process. Such empirical design processes are 
often incorporated into formal guides that attempt to standardize good practice and 
provide guidance. As Boughton (1983) indicated however, the standardizing of good 
practice (in the form of some guide) will unfortunately also incorporate any 
accompanying and inherent flaws in the empirical process being standardized. 
In a normal timber framed house, with a trussed roof and ceiling diaphragm, wind 
loads on the wall are shed to the top plate. From there it is transferred to the end 
walls via the ceiling diaphragm, which is supported by the bottom chords of the roof 
trusses. The end walls then transfer the (wind) forces into the slab/piers before they 
are finally dissipated into the foundation soil. 
A pole framed house, as well as having the bracing walls and the ceiling or roof 
diaphragm, has the added advantage of the poles carrying load from the roof level 
down into the ground. Loads are able to travel to the poles via the rafters and the 
roof beams, reducing the load which must be carried by the bracing walls. 
The construction methods presently in use are historically based. One problem with 
using existing methods without due study of their inherent flaws is that both good 
and bad techniques can become standard practice. The established design procedures 
largely discount any possible effects of composite action and load sharing for greater 
simplicity in design. 
The loadsharing between poles should be monitored to see if the assumptions that 
load is proportional to the stiffness of the member is valid. 
The interaction between shear walls and poles needs to be tested. Much work has 
been done on the capacity of different types of shear walls but the interaction 
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between poles and shearwalls is so far untested. Do the two systems combine to give 
a better resistance to lateral loading? 
Depth of embedment of poles is one area that warrants further attention. The NAFI 
design guides give three different methods for calculating pole embedment depth. 
These methods, Rutledge charts, SAA piling code and Uniform Building Code 
(USA) method are explained in detail in the chapter on Pole Embedment Testing. 
They are all adapted from other applications, and there is a need for testing to be 
done so that pole embedment can be calculated by a method suited to pole house 
situations. 
One important aspect of pole house design that has been identified as requiring 
attention has been the provision of an accurate, calibrated computer model of 
complexity that the nonnal designer can use on notebook computer. The model will 
enable the designer to study the effect of varying design parameters such as 
foundation type, pole placement and site conditions. Also the development of such a 
model will help move design from an empirical to mechanistic process. One of the 
prime aims of this research was to develop a model that would allow such initial 
design investigation. 
2.9 Experimental Program 
In order to address some of these areas which have been identified as important areas 
requiring research, a testing program was undertaken at the Carseldine Testing 
Facility. This is an open air testing facility commissioned by the Physical 
Infrastructure Centre at the Queensland University of Technology (QUT) School Of 
Civil Engineering. Its main function is to support large testing projects which could 
not be accommodated within the existing structures laboratory at QUT. The facilities 
include a 27 m by 15 m, 250mm thick concrete slab specially designed as a structural 
strongfloor capable of resisting point loads to 200kN. It is equipped with specialised 
reaction points within the slab at defined grid spacings, with the intention of building 
the test structure on the strong floor and then loading it using frames or jacks 
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attached to the loading points at the regular grid intervals. The pole house had to be 
embedded in the ground and so could not be constructed over the strongfloor, but it 
was constructed 6 metres off to one side and the anchor points on the strongfloor 
were used for the loading equipment. 
The experimental program was designed to meet the goals of the research project 
and follows the process outlined in Figure 2.2. The many steps could be categorised 
into three main stages. The first stage was to establish the material characteristics of 
the poles which would be used in the embedment tests, and the timber poles and 
other structural timber members which would be used in the full scale model. The 
second stage involved a series of pole embedment tests and the third stage was the 
testing of a full scale pole house. The tests on the timber members are detailed in 
Chapter 3 "Material Characterisation and Investigation." 
The second stage of the testing programme comprised a series of pole embedment 
tests. There are a number of different ways of embedding the poles given in various 
manufacturers' handouts and these vary in their recommendations for depth of 
embedment and backfill method. The object of the pole embedment tests was to 
compare these recommendations and to establish the most effective embedment 
method for use in the subsequent pole house tests. Twelve poles were tested, each 
using a different combination from a choice of three backfill methods and four 
embedment depths. Each pole was tested in the Queensland University of 
Technology Structures Laboratory in a four point bending test to establish the 
modulus of elasticity of the pole. Then the poles were taken out to Carseldine, where 
the full scale testing would be performed. There they were placed in the ground at 
depth varying between 1200, 1500, 1800, and 2100: the backfill methods were:-
1) complete concrete backfill, 
2) concrete to 500 below the surface then top with compacted deco, and 
3) complete compacted deco backfill. 
One other parameter that could have been varied is the diameter of the hole, 
although from calculations done by Pierce (1990), the embedment depth is not very 
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sensitive to pile diameter. Changing the diameter from 300 to 450 only changed 
embedment depth by 200 mm. The aim of this research is to find out how deep the 
hole has to be and what depth of concrete embedment must be used to ensure that 
the poles have adequate structural performance. It was decided to use a constant hole 
diameter for all the pole tests to limit the number of variables, because testing time 
and materials were also limited. 
The poles were then tested by pulling on them with a cable from a frame attached to 
the strong floor. Deflection was monitored at the ground line and at the loading point 
to see how the poles behaved under different depth and backfill conditions. After 
analysis of the results, one of the backfill methods was chosen to be used when 
constructing the test pole house. The full description of the pole embedment tests 
appears in Chapter 4 "Pole Embedment Tests" 
Previous research on pole foundations has mostly been done for telegraph poles, and 
is based on work done by Rutledge (1956) for the Outdoor Advertising Association 
of America. This dealt with isolated structures such as advertising signs, where if 
damage did occur it would be of little consequence. The criterion for acceptability in 
this case was a movement at ground line of 1 Omm. This groundline movement would 
be unacceptable in a pole house because the distance would be magnified and would 
be in the order of 50 mm at the eaves level of a highset pole house. Loads used by 
Rutledge were more than would be used for a normal pole structure, so perhaps a 
method which is more applicable to pole structures should be used. 
Estimation of lateral deformation of a pile is particularly difficult unless many 
idealisations are made regarding the behaviour of the soil (Elson, 1984 ). 
The Piling Code (AS 2159) states that lateral deflection of piles can be detennined 
by a load test, or theoretical analysis or a combination of both. Theoretical methods 
for calculating embedment depth and lateral deflection exist in Pile foundation texts 
by Poulos and Davis (1980), and MacAnally and Boyce (1980). 
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The third and major part of the testing programme was the testing of a full scale pole 
frame house. In order to ascertain the load paths existing within a pole house a full 
scale pole house was constructed and tested. The construction and testing of the pole 
house are covered in later chapters of this work. The project was designed to 
investigate the deflection response of a pole frame house to lateral loads simulating 
wind forces. The house was evaluated at various stages of construction to allow 
acquisition of information on the role of the various structural elements in resisting 
lateral wind forces. 
Boughton (1988) observed that the performance of a house under high wind loading 
can really only be observed when the house is carrying those loads. During times of 
high wind it would be very difficult to monitor house performance as frames set up 
to measure the deflection would interfere with the flow of wind around the structure. 
Also, the unpredictable nature of high winds means that equipment could be set up 
and ready for a long time before the high wind loading occurred. Simulated wind 
loading applied by manually operated hydraulic jacking equipment and load 
spreading members was used to test a full scale pole frame house in order to 
investigate the behaviour of pole houses subjected to wind loading. 
A small pole frame house was constructed at the Carseldine Testing Facility. The 
house consisted of a grid of nine poles, at three metre spacing. The house was a full 
pole frame constnlction, that is the poles continued through the floor to support the 
roof beams. There was a small verandah at one side to give the house some 
asymmetric characteristics. The middle row of poles supported the ridge beam of the 
roof, and the house had a raked ceiling with rafters exposed, this is fairly typical of 
pole house construction. 
The stiffness of the building was monitored at the different stages of construction, 
The behaviour of the poles was known from stage one of the testing. The building 
was subjected to load at several different stages during the construction process. The 
manually operated hydraulic jacks and cables were used to apply loads to the 
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building to model wind loads, and the buildings response to these loads was 
monitored with deflection measuring equipment. 
The main objective of this thesis was to investigate the structural behaviour of a 
timber pole frame house when subjected to wind load. The behaviour of the pole 
foundation system was tested and established, and then the deflection behaviour of 
the house was monitored as it was subjected to a lateral load. Analysis of the results 
of full scale testing can demonstrate the contribution of different structural elements 
to the overall stiffness of the structure and can pinpoint areas of weakness or 
excessive strength. A computer model can be calibrated using the results of the field 
testing. This will enable the designers of po.le houc;;es to study the effects of varying 
the design parameters such as foundation type, pole placement and site conditions 
without undergoing further expensive and time consuming field tests. 
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Figure 2.2 Flow Chart For The Experimental Procedure And The Related Tasks At 
Each Stage Of The Project 
Contact Industry to 
obtain support for the 
~ testing program ~ 
~.__________.I ~ 
Pole Embedment Tests 
lr 
Testing of individual 
poles to establish 
material properties for 
the first 12 poles used 
in the embedment test 
lr 
Conduct Embedment 
Tests to establish the 
best method ofbackfill 
Model the behaviour 
of the laterally loaded 
pole embedded in the 
soil using a 
commercially 
available structural 
analvsis oackage 
... 
.. 
Develop a computer 
model of a pole house 
using a commercially 
available structural 
analysis package. 
Compare results with 
the field tests, to 
enable model 
calibration using the 
field test data. 
Develop a relatively 
simple model that can 
be used to predict 
deflection behaviour in 
pole frame houses 
• 
... 
Field Tests on Full 
Scale Pole House 
Testing of all 
individual structural 
members that will be 
used in the house to 
establish the material 
properties. 
Construct Full Scale 
model Pole House 
using the backfill 
method selected by the 
embedment tests 
Design and construct 
specialised equipment 
for use in the testing 
program 
Test model pole house 
at different stages of 
its construction 
monitoring deflection 
behaviour 
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Chapter 3. Material Characterization and Investigation 
3.1 Introduction 
Timber is a non-homogeneou..c:; anisotropic natural materiaL Its mechanical properties 
vary due to a wide range of causes, such as knots, grain defects and even position 
within the tree. Several Australian Standards provide rules so that timber can be 
separated into various stress grades for engineering use. These Standards include 
AS2082 "Visually stress graded hardwood for structural purposes" and AS 2099 
"Visually stress graded Australian grown softwood for structural purposes." 
Designers can use these stress grades to specify a required timber strength, but the 
grades are not exact and represent ranges of values within which the timber 
properties will fall. In an experimental procedure such a<> this project, where a 
customised house is to be constructed and also modelled using computer software, it 
as important to establish reliable material property data for input into the computer 
model to be used for further design development In this section the process of 
testing the timber materials is described in detail and the results are tabulated 
showing the Modulus of Elasticity of individual timber members. 
3.2 Pole Selection 
The most common type of timber poles used in pole house construction in South 
East Queensland is the CCA treated softwood pole. Hardwood poles are also used 
albeit at higher cost and reduced availability. Since pine poles are the most common 
option they were adopted for use in the project. 
The typical size used for house poles is 225mm diameter, this size is large enough to 
ensure that the pole has been taken from a mature tree. The Australian standard 
1720.1 - 1988 known as the Standards Association of Australia Timber Code (AS 
1720.1) contains an immaturity factor, k20 and for radiata pine the immaturity factor 
is equal to 1.0 for poles with a mid length diameter of 225mm. If poles have mid 
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length diameters of less than 225 rnrn allowance must be made for the properties of 
the immature timber. 
The poles selected for this study were treated pine poles. Koppers Australia Pty Ltd, 
a major supplier of poles to the building industry, donated twelve, 4.2 m poles for 
the initial embedment study (Chapter 4) and nine longer poles for the house 
construction (Chapter 7). The nine poles used for the construction of the house 
consisted of six poles 7.5 m long and three poles 8.5 m long. All the poles were 230 
mm in diameter. The pole specification was Slash Pine, Strength Group S5 and 
Stress Grade F14. 
3.3 Explanation of Strength Group and Stress Grade 
There is a large number of timber species in Australia, and it is both convenient and 
efficient to group species with similar properties. Those species in the same group 
can be regarded as being identical for design purposes. There are seven strength 
groups for unseasoned timber, Sl to S7, with Sl being the strongest, and there are 
eight strength groups for seasoned timber, SDl to SD8, where the D stands for 
"Dry". Table 3.1 is an excerpt from AS1720.1 (1988) and shows strength 
classifications for common groups of timber. 
A stress grade is defined in AS 1720.1 as the classification for structural purposes by 
means of either visual or machine grading to indicate the basic working stresses and 
stiffnesses to be used for design purposes. There is a very wide range of stress grades 
which vary from F2 to F34. 
Table 2.3 in section 2 of AS1720.1 gives values ofbasic working stress and stiffness 
for the different stress grades of structural timber. According to these tables, this 
means that the F14 poles adopted for use in the project have a short duration 
modulus of elasticity of 12000 MPa, a basic working stress in bending of 14 MPa 
and values for tension, compression, and shear as shown in Table 3.2. The 
permissible stress, defined in Section 1. 8.2 of AS 1720 as "the maximum stress to be 
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TABLE 3. t 
STHENGTII CLASSII'ICATIONS AND llESIGN DENSITY Ji'OR SOME COMMON (;ROUPS 01' TIMBER 
Stress grade 
Species grou11 Moisture Streugth Joint groupW Structural tlmberm 
condition groupO} Structural Structural Structural Structural Structural Structural plywoodl4l Pole limberiSl No I No 2 No 3 No 4 No 5 
Mixed Australian hardwoods Unseasoned S4 JJ Fl4 Fll F8 F7 - - Fll {excluding rainforest species) 
Seasoned SD4 JI)J F22 Fl7 F14 Fll Fl7 from S.A. and southern N .S. W. - -
Ash-type Eucalypts from NSW Unseasoned S4 JJ F14 Fll F8 F7 - - Fl7 
Highlands, Victoria and 
Seasoned SD4 Jl)J F22 Fl7 Fl4 Fll Fl7 Tasmania - -
Non-ash-type Eu~alypts from Unseasoned SJ 12 F17 1'14 Fll F8 - - F22 
Qld and N.S.W. Seasoned SDJ JD2 F27 f22 Fl7 Fl4 - F22 -
Rainforest species Unseasoned S7 14 F7 F5 F4 - - - 1'8 
Seasoned SD7 1D4 Fll Fll F7 F5 - F8 -
-
Mixed pinus species Unseasoned - - - -- - - - - -
{Australian grown) Seasoned SD7 JD4 Fll F8 F7 F5 - F8 -
Mixed softwood species Unseasoned - - - - - - - - -(excl. pinus species) Seasoned SD8 JD4 F8 F7 F5 - - F7 -
Imported softwoods Unseasoned S7 J6 F7 F5 F4 - - - -{unidentified) Seasoned SD8 JD6 F8 F7 F5 F4 F7 - -
NOTES: 
I. For classification into strength groups-see AS 2878. 
2. For joint strength-see AS 1649. 
3. For mechanical stress grades-see AS 1748. 
4. For structural plywood-see AS 2269. 
5. For timber poles-see AS 2209. 
6. For use only in computing dead load due to mass in timber. 
Ueslgn 
deusity16l 
kg/m3 
1050 
650 
1050 
650 
1150 
750 
800 
500 
850 
-
550 
850 
500 
850 
400 
used in the design of an element of a structure" is found by multiplying this basic 
working stress by the factors found in the relevant sections of the design code. 
Stress Basic Working Stress, MPa Short Duration 
Grade Modulus of 
Elasticity (MPa) 
Bending Tension Shear in Compression 
Parallel to Beams Parallel to 
the Grain the Grain 
F14 14.0 8.4 1.25 10.2 12000 
F5 5.5 3.3 0.6 4.1 6900 
Table 3.2 Basic Working Stresses and Stiffness for Structural Timber 
(Excerpt from AS 1720.1 Table 2.3) 
Even though the timber material has been assigned a stress grade, the material can 
still have a potentially wide range of stiffnesses and strengths. Timber is a natural 
material and the stress grades only give an indication of the bending strength of the 
species, from which considerable variations may occur. In this project it was 
intended to construct a pole house and subject it to lateral loading, and at the same 
time construct a computer model and subject it to the same loading and to compare 
the results of the computer simulation with the experimental results. 
In order for the computer model (see Chapter 9) to be as representative as possible 
of the actual house, the strengths of the individual timber members had to be 
assessed. This involved subjecting each of the timber members to a four point 
bending test to establish the modulus of elasticity. The model was only to be tested 
and validated in the working stress range, so determination of modulus of rupture 
was not required or carried out. 
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3.4 Determination of Pole Stiffness 
The poles were subjected to a four point bending test as outlined in the Australian 
/New Zealand Standard 4063:1992, Timber- Stress Graded- In Grade Strength and 
Stiffness Evaluation. The test specifies a dimension for a rectangular cross section, 
but also states that pole diameter can be used. 
p p 
I I 
... ... 
3 3 
Figure 3.1 Standard Test Configuration for measurement of Modulus ofElasticity 
Such a test would normally be performed in the structures research laboratory at 
QUT using the Universal Testing Machine, but due to the length of the poles it was 
necessary to set up a specialised test rig in the main part of the research area. The 
bending test applies an equal load at two points on the pole located at one third of 
the length between the pole supports. These distances vary depending on the 
diameter of the poles, but as the poles used were shaved to size very accurately by 
the supplier, distance between loading points did not change for the different poles 
in the test. Plate 3.1 shows the bending test equipment in operation. 
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Heavy steel columns were positioned on the strong floor and a header beam was 
connected between them. The poles were placed on specially built cradles beneath 
the crosshead. The loading was accomplished by using a jack equipped with a swivel 
mounted load ann which contacted the pole at two positions the required distance 
apart. The deflection of the pole was measured using a Linearly Variable 
Differential Transformer (L VDT) mounted on a mast which hung freely from the 
side of the test pole on nails at the points of support. 
Plate 3.1 The Equipment set up for the pole bending tests 
Load was applied by means of a manually operated hydraulic jack. The load was 
monitored with a load cell in the hydraulic line, and both the load cell and L VDT 
were connected to a Ranger digital display unit. The load and the deflection were 
recorded at 0 load and at 3 kN increments up to a maximum of 18 kN total load on 
the pole. This load subjected the poles to the same range of bending moment that 
would occur at working loads in the pole house. The poles were then rotated through 
90° and again subjected to the bending test. 
The information obtained was analysed using the Microsoft Excel statistical analysis 
functions. The poles were loaded in their elastic range and a linear load deflection 
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plot was obtained. A line of best fit was found using the "linest" function in Excel. 
The equation of this line was used to generate load deflection data which were 
resolved to give the value for Modulus of Elasticity (MOE). See equation 3.1. The 
resulting moduli of elasticity were averaged to give a modulus of elasticity which 
was used in later calculations and in the computer model. (Table 3.2) 
W =load applied at each of the two points 
a =distance from the support to the load point 
I =Moment of Inertia of the section 
5 =deflection 
L = Length between supports 
( Eqn 3. 1) 
Plate 3.2 Poles in the structures laboratory awaiting testing. 
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Stiffness characterisation was carried out on the first set of twelve poles before they 
were taken to the Carseldine Field Station and used for the embedment test. 
Pole Number Test 1 Test 2 Average 
(MPa) (MPa) Modulus of Elasticity 
MPa 
1 11876 12085 11981 
2 12782 12748 12765 
,., 14205 15129 14667 .) 
4 12885 13758 13321 
5 13013 13036 13024 
6 9593 10190 9892 
7 10313 10719 10516 
8 13362 12333 12847 
9 14275 15145 14710 
10 12483 11946 12214 
11 10448 10306 10377 
12 12198 12126 12162 
The mean modulus of elasticity for the poles was 12373 MPa the standard deviation of the averages 1544 and the 
coefficient of variation was 0.125. The standard deviation of the entire data set was 1541 and the coefficient of 
variation was 0.125 
Table 3.3 Modulus of Elasticity for Poles used in Embedment Testing 
The data provided in Table 3.3 indicates the variation present in timber from the 
same stress grade. The poles were graded F14 and could be assumed to have a 
Modulus of Elasticity of 12000 Mpa. In this group of twelve poles the E value 
ranged from a low of9892 MPa to a high of 14710 MPa. 
The additional nine poles to be used for the construction of the pole house were 
subjected to a similar four point bending test. The hydraulic jacking equipment and 
the load spreader bar were the same, but this time the deflections and the load were 
monitored using the Labtech Notebook data acquisition system via a laptop 
computer and an ADAC analogue to digital converter. 
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The nine house poles were subjected to the bending test then rotated through 90 
degrees and tested again. The poles were rotated and tested twice more, so there 
were four tests on each of the house poles, which gave an indication of the 
variability of the Modulus ofElasticity with regards to the direction ofbending. 
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Pole Number Average 
Modulus of Modulus of 
Elasticity in the four Elasticity 
Directions (MPa) 
I 12600 12169 
12194 
12346 
11536 
2 14069 14220 
14116 
14192 
14505 
3 14718 14763 
14595 
15282 
14458 
4 13304 14077 
13457 
13831 
15718 
5 12752 13154 
13641 
12829 
13397 
6 13646 13792 
14024 
13360 
14139 
7 1198 12383 
13439 
12580 
11534 
8 8690 8689 
8549 
8898 
8620 
9 14617 15030 
15353 
15521 
14631 
The mean modulus of elasticity of the nine poles is 13193 Mpa 
The standard deviation of the averages was 1937, and the coefficient of variation was 0.15. The standard deviation 
of the entire set of data was 1917 and the coefficient of variation was 0.15 
Table 3.4 Modulus of Elasticity for Poles used in House Construction 
Once again the wide range of values possible in one stress grade is apparent from the 
data presented in Table 3.4. 
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3.5 Determination of the Properties of the Sawn Timber 
Hardwood is commonly specified by designers and used by builders in the 
unseasoned condition because the tightness of the grain pattern means that it takes a 
very long time for the timber to dry out and become seasoned. Timber used in the 
unseasoned condition will become stronger as it ages and dries, but care must be 
taken in detailing to avoid problems caused by the natural shrinkage that occurs as 
the timber dries. 
The roof beams, floor bearers, rafters and joists were all donated by Hyne and Son 
Pty Ltd Sawrnillers and Building Supplies in Maryborough. A total of six lengths for 
the bearers and roof beams, twenty rafters, and forty joists was supplied. All of this 
timber was specified as F14 unseasoned hardwood. 
Each of the supplied sawn timber members to be used in construction was subjected 
to a four point bending test to ascertain the modulus of elasticity of the particular 
piece. These members were able to be tested in the school's Tinius Olsen Grade A 
Universal Testing Machine although special handling and manoeuvring was required 
to position the larger beams. 
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Figure 3.2 Four point Bending Test to Determine Modulus of Elasticity 
The pine framing was seasoned pine donated by CSR Softwoods Queensland Pty 
Ltd. The specification was for F8 seasoned pine, and CSR supplied 120 lengths at 
3.6m, and 50 lengths at 2.4 m of 90mm x 45mm studs. CSR also supplied all 90 x 
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45mm and 90 x 35mm studs for the top and bottom plates of the walls in the test 
house, which amounted to another 120 linear metres of the F8 framing timber. 
Each piece of timber was clearly labelled for later identification, and tested in the 
Tinius Olsen Universal Testing Machine. The load was indicated by the Tinjus 
Olsen mal display. The deflections were monitored using an L VDT mounted on the 
independent datum mast supported at the same support points as the member under 
test. The deflections were displayed using a Ranger digital display unit. The testing 
equipment is shown in Plate 3.3. 
Plate 3.3 
Testing the sawn timber sections on the Tinius Olsen Universal Testing Machine 
The timber was only tested in the elastic range, and the gradient of the 
load/deflection plot was used to determine the Modulus of Elasticity of the member. 
(Using Eqn 3.1 as with the poles.) 
The summary of the values found for the sawn timber members is shown in Table 
3.5. 
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F grade Element Nominal Mean Stiffness (CV) 
Size (mm) 
14 Bearers (4) 200 X 75 15091 MPa (0.13) 
14 Beams (2) 175 X 75 18283 MPa (0.20) 
14 Rafters (18) 175 X 50 21953 MPa (0.18) 
14 Joists (36) 150 X 50 21640 MPa (0.10) 
8 Studs (190) 90 x45 14496 MPa (0.26) 
Table 3.5 
Mean Values for Modulus of Elasticity for the Sawn Timber 
Every piece of timber to be used in the construction of the pole house was tested to 
find a value for the modulus of elasticity. The amount of data precludes its inclusion 
here but a sample showing data for the floor joists is included in the appendices and 
the full set is available from the author. This section described the testing performed 
on the structural timber elements to be used in the experimental pole house testing 
program. The site investigation dealing with the soil properties for the foundation 
response is also an important aspect of the experiment and is described in the next 
section. 
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3.6 Site Classification. 
In order to check the deflection response of poles embedded in the ground it was 
first necessary to determine the in situ soil properties across the site. The Carseldine 
Field Station (Figure 5.2) was the site chosen for all experimental work. This 
included both the embedment tests and the subsequent pole house construction and 
testing. The site was part of an area of land belonging to the Queensland University 
of Technology that had been set aside for large scale experiments such as the pole 
house test. 
This site was chosen because a concrete structural reaction floor was already in 
place, providing an excellent base from which to load the poles and the house. Also 
full scale structural testing had previously been undertaken at Carseldine, on a portal 
frame building constructed on the reaction floor. Although the portal frame tests 
were substantially different from those planned for this project it was envisaged that 
some of the same testing equipment could be used. 
A full soil investigation of the site had been carried out previously and it was known 
that generally the soil across the site was a yellow brown, stiff, silty clay. A thorough 
soil testing program was carried out to establish the soil profile across the confines 
of the test site for both the pole embedment tests and the pole house tests. Bore holes 
were manually drilled with a hand auger and shear vane tests were carried out at 
approximately 300 mm intervals in each hole. Soil samples were taken and a series 
of dynamic cone penetrometer tests were conducted at specific positions across the 
test site. 
Cone penetrometer readings were carried out at the time of the pole testing, and at 
regular times throughout the testing programme to ensure the soil conditions 
remained consistent for the whole of the testing programme. The cone penetrometer 
tests were carried out in accordance with AS1289.F3.2-1984, "Australian Standard 
Methods of Testing Soils for Engineering Purposes, Determination of the 
Penetration Resistance of a Soil using the 9kg Dynamic Cone Penetrometer." The 
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results from the series of cone penetrometer tests enabled the soil profile across the 
experimental site to be established. 
The first pole tests were undertaken in December 1994 and the last test on the house 
was finished in August 1996. Natural weather cycles during the intervening months 
affected the test site, particularly during the wet season. The site was re-investigated 
by borehole logging and cone penetrometer tests after suitable time had elapsed to 
allow the site to dry out and to ensure the soil characteristics had returned to the 
original conditions prior to any testing. 
Cone penetrometer testing showed that even after severe wet weather as was 
experienced in April of 1996, given a suitable period of time to dry out, the 
underlying characteristics of the soil were not adversely affected. The soil profile 
and soil strength after a period of dry weather were essentially identical to those 
present during the previous tests, and this was the case throughout the remainder of 
the test series. It was considered that the soil was effectively the same for each stage 
of the testing. 
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Figure 3.3 Chart Showing Dynamic Cone Penetrometer Results 
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The chart in Figure 3.3 shows a typical cone penetrometer result from the site. The 
top layers of soil were quite stiff, then at 200mm below the surface the soil softened 
then as the depth increased the soil became stiffer. The soil investigation data 
gathered for the site is summarised in Table 3.6 
Parameter Depth!V alue/Comment 
Soil Description 0-200 mm 
Moist, stiff, grey-brown 
Silty Clay 
Soil Description 200-1200 mm 
Moist, stiff, yellow-
brown Gravelly Silty 
Clay 
Average Undrained 0-1200 mm 
Shear Strength ( Cu) 100 kPa 
California Bearing Ratio 0-1200 mm 
(CBR) (average) 15% 
Table 3.6 Summary of Soil Parameters for the test site 
3.7 Summary 
It is important in the context of this thesis to establish the properties of the material 
used in the construction of the pole house model. The important laboratory and field 
studies conducted to determine these properties are outlined in this chapter. The 
foundation response of the pole house poles is dependent upon the soil in which they 
are embedded. In order to achieve continuity throughout the entirety of the testing 
period it was necessary to show that the soil conditions remained consistent for the 
whole of the testing period. The soil testing and monitoring regime is also outlined 
in this chapter. The next chapter deals with the first test series, the response of the 
poles embedded in the ground, with different backfill methods. 
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Chapter 4. Pole Embedment 
4.1 Introduction 
The initial part of the overall pole house testing program was an investigation of 
different pole embedment depths and backfill methods. This was done to evaluate 
the effectiveness of the various methods of backfill in providing pole restraint, and 
also to gauge what depth of embedment would be necessary to provide the required 
amount of pole restraint to prevent rotation and lateral displacement. This 
information would be used to determine the type of backfill and the depth of 
embedment for the poles which would subsequently be used in the construction of 
the model pole house, which constituted the main experiment in the testing program. 
4.2 Backfill Methods 
Pole backfill methods vary greatly between designers; backfilling could typically be 
done with compacted (in situ) soil, compacted (imported) roadbase aggregate, 
premixed concrete, or combinations of these. One common method is to backfill 
around the pole with concrete up to a depth of 500 mm below ground level then to 
complete the backfill with compacted soil or aggregate. Each method has its 
particular advantages, for example, if coarse open graded aggregate is used it aids in 
water drainage away from the pole, but this is of little benefit in clay soils as the 
water remains trapped in the bore hole. If concrete is used to about 500 mm below 
ground and the hole filled with rammed earth, this simplifies maintenance of a 
termite soil barrier treatment, and also allows for groundline inspection of the pole. 
The method and material used to backfill around an embedded pole has become a 
contentious issue in Australia. Some designers and builders support the use of 
concrete while others suggest that poles should not be encased in concrete because 
of potential degradation of the timber, and subsequent pole failure, caused by 
moisture build up around the pole. 
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Most of the backfill recommendations agree on the inclusion of a concrete plug at 
the base of the hole. The concrete plug supports the pole and distributes the vertical 
load into the ground over the full width of the bored hole. The use of no fines 
concrete as the plug also allows water to drain away from the pole. 
In order to find which backfill method was the most successful in this instance, it 
was decided to test three different types of back fill, 
1. Full depth concrete backfill 
2. Full depth compacted decomposed granite ( deco) backfill and 
3. Half depth concrete backfill, topped with compacted deco. 
Investigation indicated that the decomposed granite could be described as a silty, 
sandy gravel under the Unified Soil Classification System. 
The embedment depths used were 1200 mm, 1500 mm, 1800 mm and 2100 mm, 
which spanned the normal range used in practice. The 230 mm poles were installed 
in predrilled holes, 450 mm in diameter. This is a standard size for poles of this 
diameter. Each hole was first plugged with 200 mm of dry mix concrete, which was 
allowed to set overnight before placement of the pole and backfilling. After allowing 
the backfill concrete to cure for 28 days, each pole was loaded laterally and its 
deflection characteristics determined. 
4.3 Pole House Foundations : Basis of Design 
As with all structures, pole house design commences at the foundation level where 
the interaction of the structure with the supporting soil must be considered. The 
effective design of pole frame houses thus depends upon the type and depth of soil 
embedment. The method of pole installation (embedment) can help control the 
response of the structure to lateral forces including those caused by wind loads. 
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This section considers the different pile theories available for analysing poles. The 
poles, embedded in the ground and backfilled by the various methods, are regarded 
as piles. When a pile is mentioned in this section, it is referring to the composite 
"pile" comprised of the pole plus backfill. This approach is acceptable due to the 
higher stiffness and strength of the backfill in comparison to the general soil matrix. 
The evaluation of strength of shallow piles in resisting a lateral load is not a simple 
exercise, as the response of soil to lateral load is not accurately predictable. There 
are several methods of calculating the resistance of a pile to lateral loads. The first 
step is to decide if the pile is to be analysed as a short or a long pile. Pierce (1990) 
states that the definition of a short pile is one that has a depth to diameter ratio (Lid) 
of 4 or less. Tomlinson (1980) defines a short pile as one with an Lid ratio of less 
than 10 to 12. Recommendations for pole embedment depth in the various 
prescriptive manuals range from 1 m to 2 m deep, and the diameter of the pole, plus 
backfill, would be around 450 mm. This results in a maximum Lid of 4.5, placing 
almost all pole house footings within Pierce's definition, and all pole type 
foundations well within the bounds set by Tomlinson. 
The depth of pole embedment used by builders in Australia is typically around 4 
times the diameter of the pole plus its backfill. For example a 230 mm pole (which 
is often used), would be installed in a hole 450 mm in diameter and backfilled with 
concrete, forming an equivalent "composite" pile of 450 mm in diameter. This 
would then have an embedment depth of about 1.6 m, which lies in the middle ofthe 
range of embedment depths studied. 
Such embedment depths are too shallow to be analysed and designed using normal 
pile theories, as those theories tend to downplay the effects of the top soil layers 
down to a depth of 2 -3 pole diameters. Any contribution from these top layers is 
usually disregarded due to possible disturbance and also to allow full development 
of (passive) soil stresses which resist the rotation of the pole. Deflection and 
rotation calculations outlined in a previous version of AS2159 Australian Standard 
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Piling Code (Standards Australia 1978), do not provide information for pile length to 
pile diameter ratios (Lid) of less than 5. The current Piling Code AS 2159 (1995) 
does not provide any calculation methods for pile deflection, instead referring the 
designer to a summary of key references which offer reasonable basis for design 
calculations. These texts are specific to pile design and do not deal with the 
relatively short embedment depths pole house designers encounter. 
Short piles usually fail by lateral shearing of the soil as the pile rotates within the 
soil mass as a rigid body. The lateral capacity of a short pile in a clay soil can be 
found using the following procedure. The pressure distribution of the soil acting 
across the width of the pile must first be determined. The various methods differ in 
their assumptions of this pressure distribution, but the exact behaviour of the soil is 
unknown. As the pile rotates and moves against the soil, the passive pressure and 
shear resistance of the soil initially restrains the pile. As the rotating moment 
increases the resistance of the soil is overcome and eventually the soil fails. The 
three dimensional distribution of the stresses in the soil and the shape of the zone of 
influence, are unknown factors and the resulting stress against the pile can only be 
assumed. There are different assumptions for clay soil and sandy cohesionless soils, 
however, as the test site for this project is comprised of cohesive clays, only the 
procedures relevant to clay soils will be outlined here. 
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4.4 Design Methods for Pole Embedment 
The different design approaches which use a range of soil behaviour assumptions 
are: Broms Method, Randolph Method, UBC method, UBC plus slab, Brinch Hansen 
method (Tomlinson, 1980), and the Use ofRutledge Charts (Patterson) 
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Constant at 9su 
Figure 4.1 The assumptions for the Broms Method 
The Broms method assumes that the lateral resistance of the clay against the width 
of the pile is 9 times the undrained shear strength but is available to resist rotation 
commencing at a depth of 1.5 pile diameters below the surface of the soil. (Figure 
4.1) 
The Randolph method has a slight variation of this assumption, and provides for a 
ground line resistance of 2 x Su (the undrained shear strength), which increases 
linearly to 9 x Su at a depth of 3 pile diameters. 
The Uniform Building Code (UBC) Method used in the United States assumes that 
the passive pressure increases linearly from zero at the ground to a maximum at 
around 4 metres depth. (Figure 4.2) Table 4.1 extracted from "Notes on Structural 
Design of Poles (Pierce 1990) shows the UBC soil classification and the Allowable 
Lateral Soil Pressure Increase per metre depth. 
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Figure 4.2 The UBC embedment model 
Foundation Type Allowable Lateral Soil Pressure 
Increase kPalm depth 
Well graded sand or gravel 60 kPalm 
Hard clay 
Loose coarse sand or gravel 30 kPalm 
Firm clay 
Soft clay 15 kPalm 
Clayey loam 
Silty Clay 
Table 4.1 UBC Classification 
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The UBC Method also has a provision for the poles being fixed at ground leveL This 
situation would occur in the common practice of installing a concrete slab at ground 
level, so providing the poles with some additional fixity at that level. This additional 
fixity allows the embedment depth to be reduced as it controls the mode of pole 
rotation. 
The Brinch Hansen method for short pile ultimate load calculation involves the use 
of coefficients to multiply the passive pressure, for the different ratios of Lid 
depending on soil characteristics. In effect the passive pressure increases in steps 
down the length of the pile. This is depicted in Figure 4.3. 
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Figure 4.3 Schematic representation of the Brinch Hansen method. 
The Rutledge charts were designed for the American Advertising Association, and 
are primarily for the construction of outdoor advertising signs. These structures are 
associated with low factors of safety and groundline movements of up to 12 mm 
were permissible. This is unacceptable for domestic construction. 
Pierce (1990) described the 4 methods most widely used to design pole embedment 
depth. As described earlier these are the Broms Method, the Uniform Building Code 
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(UBC) method, the UBC + Restraining Slab method, and use of Rutledge design 
charts. All the design methods are based on pole rotation, and the development of 
passive soil forces to provide lateral resistance (against pole rotation). The different 
passive stress distributions assumed for each method result in different pole 
embedment depths required to resist an applied lateral force. Examples of the UBC 
method and Rutledge charts are shown in Patterson ( 1981 ). If the 4 methods are 
applied to poles of 230 mm diameter, they all give different embedment depths 
which range from 1.2 m (Rutledge) up to 2 rn (UBC method). A summary of 
calculated depths for the various methods using 230mm diameter poles and some 
comments are provided in Table 4.2, these values were calculated following the 
procedure used by Pierce in the 1990 NAFI publication "Notes on Structural Design 
of Poles". 
As indicated earlier in this chapter, the problems in design arise because most of the 
recognised design approaches are insensitive when the depth to diameter ratio 
becomes less than 4. The ratio of about 4 is an upper limit for most pole house 
footings. 
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Design Calculated Comments on Design 
Method Embedment 
Depth 
Broms 1.8 m Initial 1.5 diameters ignored. 
Lateral passive resistance is 
then assumed constant at 9Su 
UBC 2.0m Passive resistance increases 
linearly with depth to a 
maximum at about 4 m. 
UBC+ 1.5 m Slab ensures restraint at 
Slab ground level, allowing a 
reduction in depth. 
Brinch l.lm Passive Resistance increases 
Hansen in steps as depth increases. 
Rutledge 1.2 m Used for advertising signs 
etc, and not recommended 
for habitable structures. 
Table 4.2. Summary of calculated pole embedment depths 
(For Poles 230mm in Diameter) 
The information in Table 4.2 indicates the large variation in embedment depth 
dependant on the method of calculation and the assumptions adopted. 
Ultimate Load for the piles at their various embedment depths were calculated from 
Randolph Curves, Broms Method, and the Brinch Hansen Method. That data is 
summarised in Table 4.3, and the graphs and equations used appear in the 
appendices. 
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Depth 1.2 m 1.5 m 1.8 m 2.1 m 
Randolph 30.4 kN 40.5 kN 60.75 kN 70kN 
(Graph) 
Broms 16.2 kN 16.2 kN 16.2 kN 40.5 kN 
(Graph) 
Broms 7.7kN 16.6 kN 30.4 kN 47.4 kN 
(Equation) 
Brinch Hansen 25 kN 39kN 53.5 kN 74.8 kN 
(Equation) 
Table 4.3. Theoretical Values for Ultimate Load 
(Load applied at 2.1 metres to a pole backfilled with concrete to various depths.) 
4.5 Field Installation 
The 12 CCA treated pine poles described in Section 3 were embedded in the ground 
to different depths using the three different types of backfill described in Section 4.2. 
Holes 450 mm in diameter were drilled using a tractor mounted auger. The various 
backfill materials were placed as described below. The auger was specially designed 
for hole boring, and this feature, and the clayey nature of the soil allowed the 
operator to drill the holes very cleanly, leaving very little loose material in the hole. 
• The full depth concrete backfill was placed around the poles in layers of 
approximately 300 mm, with each layer being fully compacted using a pencil 
type vibrator. 
• The concrete/decomposed granite composite backfill was placed using concrete 
for half the depth of the hole (placed as described above), which was allowed to 
set overnight. This was followed by decomposed granite placed in loose layers 
300 mm deep. Each layer of decomposed granite was compacted by hand 
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ramming with a 1 0 kg hardwood rammer until refusal. This procedure typifies 
the compaction method used in current building practices. 
• The full depth compacted decomposed granite was placed in 300 mm layers and 
compacted as described above. 
Bulk samples of the concrete used were taken and compressive strength test 
cylinders were prepared. The concrete strength was determined by using the 
compressive strength test carried out in accordance with AS 1012. These tests were 
performed in the concrete laboratory at QUT. The characteristic compressive 
strength of the concrete at 28 days was 32.4 MPa. The concrete was specified as 
N20, which means a nominal strength requirement of 20 MPa, with 80 mm slump 
and 20 mm aggregate size. 
4.6 Testing Procedure 
After 28 days to allow for full curing of the backfill concrete, each pole was 
subjected to a lateral tensile load using a horizontal steel cable attached to the pole 
at 2100 mm above ground level. This height corresponds to a typical height for the 
first floor framing system for a pole frame house. A small wire rope sling was 
attached to the pole at the required height and this was shackled to a Kyowa 5 tonne 
load cell attached to the main loading cable. The load was applied by two hydraulic 
tension jacks joined together in series by using a threaded adapter, then connected to 
a reinforced concrete strongfloor. The use of two jacks ensured that there would be 
adequate travel in the loading system to accommodate the expected deflections of 
the poles. The test set up is depicted in Figure 4.4. The poles were each loaded in 
excess of the design load expected in a typical pole frame house. Such a high load 
level enabled the poles to be failed, and establishment of the full spectrum pole 
deflection response to lateral load. 
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Deflections of the poles were measured at the 2100 mm height, at the mid point of 
1050 mm, and at ground level. Deflections were monitored using Linearly Variable 
differential Transformers (L VDTs) which were mounted on a scaffold which acted 
as an independent datum frame. The L VDTs were connected to a laptop computer 
and the deflection data were displayed on screen using Labtech Notebook Software. 
The load cell was also connected to the computer and readings were taken 
automatically and monitored during the tests. All information was written to data 
files which were later analysed using the Microsoft Excel spreadsheet programme. 
The L VDTs had to be repositioned several times during some of the tests with large 
pole deflections involved and the repositioning was factored into the analysis. 
Loading Cable 
Datum Frame 
Strong Floor 
Natural Ground Level 
Figure 4.4 Schematic Diagram of Pole Embedment Testing 
The results of the pole embedment study are summarised in Table 4.4 and Figures 
4.5 and 4.6. As expected, (illustrated in Figure 4.5) pole deflection decreased as the 
foundation embedment depth increased from 1200 mm to 2400 mm. The deflections 
for the poles backfilled with the compacted decomposed granite were the highest. 
The poles themselves showed little bending deformation, with the deco backfill 
undergoing localised yielding (failure), and the pole rotating as a rigid, straight 
member. Repeated lateral wind loading could cause a loosening of the pole in the 
embedment socket. The next highest deflections were for the poles with half 
concrete, half decomposed granite backfill. The mode of pole deflection became a 
composite of pole flexure and rotation. The mode of deflection gradually changed as 
shown in Figure 4.6. 
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The deflection at the top of the pole, for a given load, generally reduced as the 
embedment depth increased. One notable exception was that the pole embedded to a 
depth of 1200 mm with the composite soil/concrete backfill performed better than 
the pole with the same backfill, embedded to a depth of 1500 mm. This could be 
explained by the fact that although the overall embedment was deeper, the depth to 
the concrete backfill was larger in the 1500 mm case. The deco backfill is not very 
effective as a restraint system for these shallow depths, so the pole cantilevers from 
the level of the concrete. This would account for the larger deflection in spite of the 
deeper embedment. The modulus of elasticity, depth and backfill type is shown in 
Table 4.4 for all the poles used in the embedment tests. 
Pole Modulus Embedded Backfill 
Number Elasticity, Depth Typel 
E (mm) 
(MPa) 
1 11981 2100 Deco 
2 12765 2100 112 + 1/2 
3 14667 2100 Concrete 
4 13321 1800 Deco 
5 13024 1800 Concrete 
6 9892 1800 1/2+ 1/2 
7 10516 1500 112 + 112 
8 12847 1500 Concrete 
9 14710 1500 Deco 
10 12214 1200 Deco 
11 10377 1200 112 + 112 
12 12162 1200 concrete 
Mean 12373 na na 
(CV2) (12.5%)_ 
Notes l : l/2 + l/2 refers to half concrete, topped with deco 
2 : CV refers to coefficient of variation, % 
Table 4.4 Properties of the Poles and Installation Details 
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Table 4.5 shows the deflections measured on the poles at the top, mid point and 
ground level at a load of 3 kN. 
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Pole Location Concrete 1/2 + Deco 
Depth on pole (mm) 1/2 (mm) 
(mm) 
1.2 m top 9 16 38 
middle 3 8 20 
ground 0.5 1.6 5 
1.5 m top 9 17 20 
middle 4 10 12 
ground 0.6 3.5 4 
1.8 m top 6 15 18 
middle 3.2 8 12 
ground 0.1 2 4 
2.1 m top 6.5 12 13 
middle 2.2 5 7 
ground 0.4 1.5 1.5 
Table 4.5 Summary of pole deflections for various embedment types 
(At 3 kN load) 
Table 4.6 gives the maximum load and the maximum deflection exhibited by the 
poles in the lateral load test. 
Pole MaxLoadkN Max Depth Backfill Type 
Deflection (m) 
(mm) 
10 10 190 1.2 Deco 
9 12 160 1.5 Deco 
4 20 210 1.8 Deco 
1 23 160 2.1 Deco 
11 20 164 1.2 Vz+Vz 
7 15 160 1.5 Vz + Yz 
6 18 180 1.8 Vz+Vz 
2 24 160 2.1 Vz+Vz 
12 26 110 1.2 Cone. 
8 27 130 1.5 Cone. 
5 25 91 1.8 Cone. 
3 25 71 2.1 Cone. 
Table 4.6 Maximum loads achieved and deflections at the top of each pole. 
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Figure 4.5 Comparison of deflections for different embedment depths in the 
decomposed granite backfill. 
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Figure 4.6. Comparison of deflections at 3 kN load for the three backfill 
methods. 
(1.8m Embedment) 
4. 7 Highest Load Level Attained by Each Backfill Type. 
Figures 4.7,4.8, & 4.9 following show the highest load achieved for each backfill 
type. The highest loads were 10 kN for deco, 15 kN for the half concrete half deco, 
and 25 kN for the full depth concrete backfill. The deeper poles in the deco and half 
concrete half deco systems did achieve more load than the shallower embedded 
poles, but the lesser loads are used here to show full comparisons in the graphs. The 
highest achievable test load was governed by the range of movement ofthe loading 
jacks which was a total of 600 mm. When the jacks had completed this amount of 
travel the test was completed. The pole backfilled with deco had deflected 
sufficiently to take all of the jack travel after 10 kN ofload was applied, and that 
load is used as the base scale in figure 4. 7. The half concrete- half deco backfilled 
poles had deflected the full amount after 15 kN of load, and the concrete backfilled 
poles took 25 kN ofload before the jacks ran out of travel. 
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Figure 4.7 Comparison of deflections for different embedment depths in the 
deco backfill. 
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Figure 4.8 Comparison of deflections for different embedment depths in the 
half concrete, half decomposed granite backfill. 
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Figure 4.9. Comparison of deflections for different embedment depths in the 
concrete backfill. 
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The poles were always loaded to the limits of the loading system, the combined 
travel of the two jacks was about 600 mm and the load was usually well over the 
design load when the limit of jack travel was reached. Although the poles deflected 
well past any reasonable serviceability limit, they still managed to support load, and 
extra load was always needed to deflect the poles further. On release of the load, the 
poles did not return to their initial positions. Hysteresis in the form of some 
permanent groundline movement was evident in all cases, indicating that either the 
backfill or the surrounding soil (in the case of the concrete backfilled poles) had 
deformed plastically, resulting in a permanent deflection. 
4.8 Discussion of Results 
4.8.1. Deco Backfilled Poles. 
The Poles backfilled with deco definitely exhibited no pole cantilever behaviour. 
Even as the embedment depth increases, the poles are pulled over as stiff members 
and no deflection of the poles occurs. The modelled data in Figure 10 (for 
incremental loading) shows that the tip of the pole does not deflect past a straight 
line joining the middle and base deflections. More graphs for different backfill types 
appear in the Appendices. 
200 
Deco 2100mm 23.1 kN 
160 
]: 120 
......_, Groundline 
:::: 80 
.9 
....... 
40 C) ~ 
Q) 0 Q 
-40 2.5 4l5 l 3 35 4 
-80 
Pole location 
Figure 4.10 Modelled data for pole backfilled with deco. 
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Rotation of the pole occurs about a centre approximately 300 mm below ground 
level. 
4.8.2. Half deco I Half concrete backfill. 
The deco backfill was not very successful m limiting movement of the pole 
subjected to lateral load. The backfill method of half concrete and half deco was less 
successful than the full concrete backfill. Deflection calculations were also carried 
out as if the deco was ignored in the half- half case. The pole was thus treated as a 
cantilever down to the level of the concrete backfill. The deflections at the top of the 
pole are very close to the actual deflections up until 5 kN load. However the 
deflection at mid point of the pole is more for the actual test than the pure cantilever 
deflection. This would indicate that the pole is rotating under the lateral load, and 
the tip deflection therefore is made up of some cantilever bending and some 
deflection due to rotation of the pole. This also indicates that the deco does have 
some restraining properties, otherwise the deflection at the tip would have been 
more than the calculated deflection for the pole cantilevering down to the level of 
the concrete backfill. 
This observation was repeated for the 1.5 m embedded pole as shown in figure 4.8. 
The 1.8 m embedded pole has a tip deflection that is less than the calculated 
cantilever deflection, indicating that the extra depth of deco backfill increases the 
level of restraint provided to limit the deflection of the pole due to rotation. Again, 
the mid point deflection is more than the calculated deflection for pure cantilever 
bending, so the pole is moving with a combination of rotation plus cantilever 
bending. 
The 2.1 m pole behaved in the same fashion as the 1.8 m pole, deflecting less than a 
pure cantilever at the tip, but more than a cantilever in the middle, again indicating 
that the pole is deflecting with a combination of rotation and cantilever bending, and 
that the deco backfill does provide some restraint. 
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4.8.3. Concrete Backfill 
Essentially the action of the poles backfilled with concrete is that of a cantilever 
with a fixed base (given adequate embedment). The tip deflection was more than 
that of a pure cantilever, and this indicates that here is some movement of the 
composite pile formed by the pole and the concrete backfill in the soil. The ground 
line movement is negligible at the working load of 3k:N. The modelled data (for 
incremental loading) in Figure 4.11 shows the pole bending in cantilever action, and 
indicates a centre of rotation around 300mm below the surface which moves 
progressively deeper as the load increases. 
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Figure 4.11 Modelled data for the pole backfilled with concrete. 
As indicated earlier, classical pile theory does not provide any simple solution to the 
problem of designing embedment depths for pole houses. The theoretical methods 
for calculating pole deflection do not deal with the surface layers of soil, down to 
about 4 pile diameters, which is the limit of embedment depth normally used in 
Australia. Thus the important contribution of the passive resistance of those upper 
layers is not realised. For example the pile deflection calculations in the AS 2159 
(Standards Australia 1978) give deflection and rotation influence factors which are 
primarily functions of the Lid ratio. The tables do give values for Lid of 5, but the 
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calculations return meaningless answers for the shallow depths used m pole 
structures. 
Obviously the best means of establishing minimum pole embedment depths for a 
particular structure would be to carry out extensive deflection tests on site. Such 
testing is the most reliable method of finding pole foundation behaviour, but 
unrealistic due to cost and time restraints 
An added variable which the designer must deal with is that the region of soil closest 
to the surface is also the area most affected by changes in moisture content due to 
rain or long periods of dry weather. Thus even in situ testing would not provide the 
complete answer and perhaps saturated soil conditions would be adopted as a lower 
bound limit for design. Otherwise a model which could predict variation in pole 
rotation, with change in the stiffness and yield point of the soil and backfill material, 
could be developed. 
As described above, the rotation behaviour of short piles (less than 4 pile diameters 
long) and accompanying soil yield, is largely undocumented. Pole housing depends 
on the reaction of short piles in the ground to transfer the lateral wind loads applied 
to the structure into the soil foundation. Theoretically these piles (or piers) are only 
able to withstand very small lateral loads, whereas practice, (and this work), shows 
otherwise. The work described in this section has provided some information on the 
behaviour of different pole embedment methods and lateral load resistance 
behaviour of short piles. This information can be used as a basis for formulating 
recommendations on pole embedment depths. 
The data could also be used as a starting point for a data base of soil types, soil 
condition, pole lateral loads and embedment depths. A data base of different soil 
types and resulting pole behaviours could be compiled, and embedment depth could 
be calculated by comparing the soil type at the site to a known pole reaction in a 
known soil type. An Expert System could be set up and gradually expanded, until 
eventually an embedment type best suited to the local soil type could be provided. 
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An alternative solution would be to establish a simplistic approach for short pile 
design based on the upper layers of soil behaviour, and the predicted soil conditions 
down to the depth of embedment. Poles on the perimeter of a structure, unprotected 
from water infiltration, could have saturated soil properties assigned. Poles within 
the perimeter of the structure, protected from water infiltration, would have soil 
properties assigned which typified the specific unsaturated conditions. 
The concrete encased poles were shown to be stronger and stiffer than poles 
backfilled by the other methods. The concrete backfill method is definitely the 
easiest to carry out, although at a slight increase in material cost. It is also the most 
effective for deflection resistance and for load carrying capacity. The difficulty in 
compacting the decomposed granite within the confines of the hole contributes to its 
poor performance in resisting deflection. If such a construction method is to be 
continued then high quality material such as crushed rock should be used and 
minimum compaction specifications applied. This would ensure load transfer 
between the pole and the surrounding soil mass. 
The data presented in Figure 4.9 and Table 4.6 suggest that the Brinch Hansen 
approach is reasonable, assuming the soil surface remains intact and undisturbed. 
The field data indicate around 25 - 30 kN capacity for the 1.2 to 1.5 m embedded 
poles, which is comparable to the 25kN predicted for a 1.2m pole in Table 4.3. 
Maximum working load on each pole in the experimental pole house was predicted 
to be 3.0kN. Pole testing indicated a maximum capacity of around 25kN for a pole 
embedded to 1.2m in concrete. This suggests that the pole house could be 
constructed using poles with concrete backfill to l.lm depth as per the Brinch 
Hansen result in Table 4.3. Typical construction however, allows for potential loss 
of soil around the pole, and embedment depths of 1.5m to 2m are usual. Thus the 
Broms approach was used which ignores the initial1.5 pile diameters, then assumes 
a constant lateral passive pressure. After the results of this study were considered an 
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1800 mm deep concrete backfill foundation was selected based on deflection 
restraint and also to model normal construction. 
4.9 Summary 
As expected it was found that poles rotate more as the medium transferring the load 
from the pole to the general soil matrix get softer (reduces in shear strength). Of 
particular interest was that the widely used method of backfilling with decomposed 
granite was the least successful. The use of decomposed granite as backfill should be 
discontinued or at least have minimum compaction specifications set to ensure some 
minimal and predictable level of resistance. Repeated lateral wind loading could 
cause loosening of the pole in the embedment socket. 
Although it is generally accepted that the top soil layers contribute little to lateral 
restraint it was found that even the shallow embedded poles possessed reasonable 
lateral rotational resistance. In all cases the deflection of the pole was reduced as the 
depth of embedment increased. For the decomposed granite the deflection reduced 
from 38 mm to 13 mm. The pole tip deflection for the composite backfill reduced 
from 16 mm to 12 mm as the depth of embedment increased. In the case of concrete 
backfilled poles deflection reduced from 9 mm to 6 mm at pole tip, as the depth 
increased from 1200 mm to 1800 mm. Increasing the embedment depth to 2.1m did 
not reduce the pole deflection at the design load of 3 kN, although the pole with 
increased embedment depth did display reduced deflections at higher loads. 
There is wide variation in the values offered by the different theoretical methods for 
calculation of ultimate load on an embedded pole. This is especially true when the 
embedded length to diameter ratio (Lid) is less than 4. Pole house foundations 
frequently occur within this range of embedment depth to diameter ratio. 
The Broms method of embedment depth calculation ignores the initial 1.5 pile 
diameters, and assumes that passive resistance is constant at 9cu. The method 
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returns an embedment depth which provides the required soil restraint to resist the 
load applied. 
The on site pole loading tests returned pole deflections at a particular load for the 
different depths and backfill types. At a load of 3 k:N the Broms method of 
calculation returned a required pole depth of 1.8 m. The tip deflection of the pole is 
in the acceptable "rule of thumb" range of h/300. This then would seem to be the 
best option for embedment depth, as the criteria of strength and deflection are both 
satisfied. Using the Broms method of embedment depth design, the deflection 
criteria are also satisfied. The result from the embedment depth calculation is very 
dependent upon the soil characteristic lateral stress properties assumed from the 
design tables. 
The type of pole embedment selected for subsequent use in construction of the pole 
house was 1800 mm embedment depth with full concrete backfill. This depth of 
embedment limited the pole deflection at the full design load proposed for use. The 
concrete backfill was also found to be the easiest and quickest to place during 
construction. The use of the pencil type vibrator ensured quick and effective 
compaction. 
The pole embedment study described here forms the important initial phase of a 
larger project investigating the overall load deflection characteristics of pole 
structures. The behaviour of the cantilevered poles has been examined in this 
chapter. However, when the poles are constrained within the structure of the house, 
their behaviour will no longer be that of a simple cantilever. The behaviour of the 
whole house subjected to lateral load is investigated in the next chapter. 
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Chapter 5. Design of the Experimental Pole House. 
5.1 Introduction 
Pole construction has a long history, largely because its design and construction can 
be practical and relatively easy to accomplish. Modem pole houses can range from 
rudimentary and basic in design (Plate 5.1 ) right through to unique architectural and 
artistic extravaganzas spanning numerous different spilt levels (Plate 5.2). 
Plate 5.1 Simple pole construction 
.r 
The pole frame construction method lends itself to owner builder construction, as a 
sound, serviceable, and reliable design and construct method has been identified by 
researchers and professionals. The pole house used as an experimental model in this 
project had to reflect all the relevant characteristics of pole houses, to ensure that the 
model typified building styles. With such a wide variety of architectural designs it 
was difficult to decide upon a design which could represent pole housing in general. 
The simple design shown in Plate 5.3 which incorporated the main features present 
in pole frame housing was the result. 
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Plate 5.2 A more complex split level design 
5.2 House Design. 
The first step in determining the design load to be used on the test structure was to 
calculate the design wind speed. This was done using the procedures out1ined in AS 
1170.2, the Australian Standard for minimum design loads on structures, (known as 
the SAA Loading Code, Part Two: Wind Loads) (Referred to in this section as the 
Wind Code). The wind pressure on the building is dependent on the geometry of the 
building, so decisions regarding the size and shape of the building had to be made. 
The dimensions used for the initial design are shown in the sketch in Figure 5.1. 
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Figure 5.1. Sketch ofExperimental Pole House 
The area set aside for the construction of the pole house was located on the 
Carseldine Campus of the Queensland University of Technology. The site is marked 
"Field Station"on the QUT Carseldine Campus Map shown in Figure 5.2. 
This area is in the northern suburbs of Brisbane, in South East Queensland. The 
general area is defined as Region Band Terrain Category 3 in the Wind Code. The 
wind loading was calculated using Section 3 of the Wind Code, this is the section 
which would be used by an engineer or designer to establish wind load on a 
domestic type of structure. 
71 
Bus Stop • 
2 
fi)> 
N 
~ 
() 
A) 
;A 
en 
-&. 
l:l 
en 
(') 
A) 
a 
'1:::1 
s:::: 
Cl:l 
~ 
A) 
'1:::1 
Parking 1s available 1n the designated areas only. 
Parking permrts must be displayed on vehicles. 
Staff parking: Car parks 3 and 7 
Visitor parking: Car park 6 
Student parking: Car parks 1. 2. 4. 5 and 6 
Parking permits and enquiries: 
Campus Adm1n1strat1on. C block 
Security: 3864 5585 
Efj Taxllp1ck-up ® Evacuation assembly po1nt 
@ Evacuat1on assembly point for people 
wllh d1sab1litres 
~ AccesSible park1ng 
~ Visiting OUT staff parking 
o Coin operated parking meter 
(oi) Public leleohone 
f) 
Car parks 
• '~ 
Field 
station 
I 
Carseldine Railway Station 
Sports 
oval 
. 
Sports 
field 
Tennis 
courts 
Ball courts ODD 
m 
Arls F acuity Office 
Bookshop 
Busrness Faculty 
Campus Administration 
Child Care Centre 
Conference Room 
Counselling and Careers 
Ell COS 
Building/Level 
C3 
C3 
C2 
C4 
CCC 
C3 
C2 
R2 
Famrly Therapy and Counselling Clinic L4 
Gymnasium C2 
Heallh Services C2 
Humanities E3 
Language Laboratory R3 
Lecture/Performarx:·e Thearre R2 
Library R3 
Maintenance C1 
Oodgeroo Unit C4 
Photocopy Centre Cl 
Refectory C3 
Socral Science L2 
Sporls Changrng Rooms w 
StudenVStaH Common Room R2 
Sludent Guild C2 
T ALSS Computer Laboralones R2/3 
T.U.LSS Deiiver1 A2 
T ALSS Develoornent Rl 
Tiered Lecture Theatre C321 C3 
Transit AreaiT axi Pickup c 
University Workshop G 
Using the wind code provisions the Design Gust Wind Speed (Vz) was determined 
from equation 1. (Equation 3.2.2 in AS 1720.1) 
Vz = V M(z,czt~sMtMi ... (1) 
The basic wind speed was selected and the multipliers for shielding (M5), 
topographic effects (Mt), structural importance (Mi), and terrain and structure height 
(Mz,caD were used to determine the design gust wind speed (Vz). 
There was no shielding or topographic effects to take into account, so the values 
used were, Ms = 1.0, Mt= 1.0, and Mi= 1.0 and Mzcat = 0.7 
The Dynamic Wind Pressure ( qz) is calculated using equation 2. (Equation 3.3 in AS 
1720.1) 
qz = 0.6 V/ X 10-3 ... (2) 
The final wind load on the building is found by multiplying the Dynamic Wind 
Pressure by various pressure coefficients given in tables in the wind code. These 
coefficients are dependent on the geometry of the building. The basic wind speed for 
the Brisbane area, from Table 3.2.3 of the Wind Code is 49 m/s. This speed, when 
multiplied by the factors in equation 3.2.2, (Equation 1, above) which allow for 
terrain category, shielding, topographic effects and structure importance results in a 
design gust wind speed of 35 m/s. 
Timber framing design is comprehensively covered in a set of manuals published by 
the Timber Research and Development Advisory Council of Queensland 
(TRADAC). The TRADAC W33N-W41N, Timber Framing Manual, applies to non-
cyclonic regions where the design wind speed is up to 41m/s (TRADAC 1994). It is 
a prescriptive manual giving timber member sizes, tie down, bracing, connection 
details, and other design information. It is used by builders, designers of timber 
buildings, and others involved in timber frame construction. This manual was used 
to determine the sizes of the various structural components of the house. The major 
use of the manual is at the initial design stage of the timber framed house. In the 
initial stages of the project several pole house designers and builders were contacted 
and interviewed regarding their use of design manuals. Most of the respondents cited 
the TRADAC manual as their main design aid. 
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The manual covers domestic timber frame construction in non cyclonic areas up to a 
permissible design gust wind speed of 41 metres per second. The calculated design 
gust wind speed for the experimental house was 35 m/s. The design for such a house 
would then be included in the scope of the TRADAC manual. In continuing the 
effort to construct the house to be as typical as possible it was decided to use the 
TRADAC Manual for the design and sizing of the structural timber members. 
The final sizes (mm) for the structural members are listed here. 
Ridge Beam:- 200 x 75 F14 Unseasoned hardwood 
RoofBeams:-
Floor Bearers: -
Rafters:-
Floor Joists: -
175 x 75 F 14 Unseasoned hardwood 
200 x 75 F14 Unseasoned hardwood 
175 x 50 F14 Unseasoned hardwood 
150 x 50 F14 Unseasoned hardwood 
The house was designed to be as typical as possible within the constraints of budget, 
size, and construction time. A small verandah (see Plate 5.4) was incorporated at the 
front of the house to give it some asymmetric characteristics. The materials for the 
house were donated by various companies who supply timber or hardware to the 
building industry. A considerable amount of time and effort went toward contacting 
the various companies and convincing them to support the project with the provision 
of construction materials. 
The house was designed on a grid of nine poles at 3m spacing. The 3m span was 
considered to be a reasonable lower bound representing commercial construction. 
The effect of larger spans is covered by artificially assigned higher working loads 
during testing. The centre row of poles supported the ridge beam of the roof (see 
Figure 5 .2). The Poles were placed inside the walls of the house so they were not 
exposed to the weather. The poles were copper, chrome, arsenic (CCA) treated pine 
of 230 mm in diameter. (See Chapter 3, "Materials Characterization and 
Investigation") 
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The pole type, timber sizes and strength grade, cladding, and flooring were chosen as 
typical of South East Queensland. Thus treated pine poles were chosen, along with 
F14 stress grade unseasoned hardwood bearers and joists. Weather board type 
cladding and tongue and groove flooring was selected because these systems have 
the least racking resistance. It was decided that the construction type that showed the 
most movement would be more beneficial to study. Sheet flooring and sheet type 
cladding add considerably to the stiffuess of a structure as they provide a bracing 
effect due to diaphragm action. The framing for the walls was chosen as F8 seasoned 
pine framing. 
As most pole frame houses make use of the aesthetic qualities of the timber 
construction and have exposed rafters and vaulted ceilings, this system was chosen 
for the experimental building. The result was that a plywood ceiling diaphragm was 
erected on the rake of the roof and on top of the rafters, exposing the rafters as per 
usual house design. The plywood ceiling diaphragm was designed using 9 mm thick 
F14 structural grade plywood and this was to be nailed through to the battens above 
the ply and to the rafters below. This provided a structural diaphragm ceiling capable 
of transferring wind load from the incident walls to the end walls, or to the bracing 
walls, or to the poles, and eventually to ground. The ply ceiling and exposed rafters 
can be seen in Plate 5.3. The final design of the house was a 6.6 m square floor plan 
incorporating a verandah at the front, and areas designated as the living room, 
kitchen, bathroom, toilet, and bedroom. The complete plans for the house are 
included here as Appendix 1. 
5.3 Bracing Walls 
Pole houses can use the cantilever properties of the poles to assist with the bracing 
for lateral wind load. Steel rods or hardwood cross braces can be used in sets below 
floor level, and the bracing above the floor can be provided by the poles to allow for 
a more open plan house. Otherwise, the bracing capacity of the poles can be used to 
provide the sub-floor bracing with conventional bracing walls above the floor leveL 
This last system was chosen for the test house. 
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Plate 5.3 Showing bracing panels, ply ceiling, and exposed rafters. 
Calculations using the wind pressure (o.74 kPa) and the external wall coefficients 
(0.7) from the Wind Code showed that the bracing walls were required to resist 14.2 
kN of load in the direction parallel to the ridge, and 9.7 kN of load in the direction 
perpendicular to the ridge. 
The bracing panels within the walls were selected as 4 mrn ply panels, (Plate 5.3) 
while cellulose fibre cement sheeting was used as bracing in the "wet areas" of the 
house, in this case the bathroom. Once again this method closely parallels what 
usually occurs in normal domestic pole house construction. One addition to the test 
series was that one of the suppliers of material requested that their bracing panel 
product was compared with the plywood, so this bracing panel was erected first and 
tested, then the ply bracing was erected and tested. One other brace in the house was 
a metal angle brace erected diagonally and nailed to the wall studs. 
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The line diagram in figure 5.2 shows the different structural timber elements in a 
typical pole house. The complete set of house drawings is included in Appendix 1, 
the bracing layout is shown on Drawing 1, Framing Plans. Drawing 2 shows 
elevations and sections, Drawing 3 shows framing details, Drawing 4 has bracing 
wall details and Drawing 5 shows connection details. House dimensions are 
summarised in Table 5.1. 
The construction of the test house had to cater for the experimental aspect of the 
project. The testing program called for testing at distinct stages of construction. The 
house could be constructed to a certain level then it would be loaded and tested, then 
the next stage of construction could commence. The first stage of construction was 
to install the poles in the ground. The poles were then tested by subjecting them to a 
lateral load using the same loading device which was sued in the tests on the original 
twelve individual poles. This was carried out to ensure that pole/foundation response 
was consistent with earlier prototype pole embedment tests. After this test, the poles 
were then loaded again this time with the purpose designed load spreader device that 
would be used for the remainder of the testing program. This device enabled the 
poles to be loaded at eaves level and at floor level, splitting the load evenly between 
the two load points as is assumed to occur if designing by the contributory area 
method. 
Pole Diameter 230nun 
Pole Centres 3.0m 
Roof Slope 18° 
Plan area 6.6 mx 6.6m 
Eave height above ground 5.1 m 
Floor height above ground 2.4m 
Roof Ridge Beam 200 nunx75 mm 
Roof Edge Beams 175 mmx 75 mm 
Rafters 175 nunx 50 nun 
Floor Beams 200 x 75 nun 
Floor Joists 150 nunx50 nun 
Table 5.1 Summary of House Dimensions 
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Figure 5.3 Structural Elements in the Pole Frame House 
5.4 Summary 
This chapter covered the design of the experimental Pole House. The method of 
calculating the wind load using AS 1170.2 was outlined as was the procedure for the 
selection and sizing of the structural timber members using the TRADAC Timber 
Manual. The reasons for selection of the treated pine poles and F 14 hardwood for the 
main structural members in the house were reported. The selection of the different 
types of bracing panels was also outlined. Chapter 6 discusses the set up of the 
equipment used in the experimental series of lateral load tests on the pole house. The 
finished experimental pole house is shown below in Plate 5.4. 
Plate 5.4 The Completed Experimental Pole House. 
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Chapter 6. Experimental Set Up 
6.1 The Loading Equipment. 
In a normal wind load situation the wind is incident on the outside of the house. The 
load is taken on each weatherboard to the studs behind. The studs transfer the load to 
the top and bottom plates, and the load is then carried to the rafters and to the bearers 
and then to the main beams and the poles themselves. Finally the poles transfer the 
wind load into the foundation soil. In this way each connection, for example between 
the rafter and the bearer, only carries the load that is incident upon it. In this series 
of tests, however, the load was to be applied to the house during its construction, and 
the walls would not be in place to transfer load back to the poles. It was decided to 
apply the load to the poles themselves and monitor their behaviour as the house was 
constructed around them. By using the loading system in this way, the total load 
would be applied to the poles. However if the entire load was applied to only one 
side of the house, the connections at the top of the poles to the bearers would be 
placed under more stress than in the normal wind loading condition. 
Some of the load had to be applied to the back of the house as would occur naturally. 
Splitting the load in the ratio of the coefficients in the wind code would have been 
difficult and would have involved a complicated loading system or an intricate and 
costly series of pulleys. A simpler but equally effective means of applying the load 
was identified. It was decided to split the load evenly and apply half the load to the 
front of the house and half to the back of the house. This procedure closely 
resembles the natural situation and was easy to achieve. Subsequent use of the 
computer found that deflections did not differ when the load was applied totally to 
the front, totally to the back, split half and half or split according to the wind load 
coefficients ratio. 
The diagram in Figure 6.1 shows the experimental set up, and the photographs on the 
following pages show the key elements of the loading system. The load was applied 
by attaching cables directly to the poles. Short wire rope slings were made up which 
were secured around the front and back poles at the loading points. The loading 
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cables were attached to these slings. The cables were attached to the back pole then 
ran through the house and around the pulley in the load spreader and then attached to 
the .front pole. These cables were attached at eaves level and floor level to each of 
the three rows of poles. The three load spreaders were suspended from the poles at 
the front of the house. The main loading cables were connected to the mid point of 
each load spreader. A load cell was attached at this point. The main loading cables 
then ran back to the strong floor over a frame which maintained this central loading 
cable at the correct height. The jacks were attached in line with the cable to a steel 
bracket which was bolted to the strong floor. Turnbuckles were used to take up the 
initial slack in the system and then the tension jacks were contracted using manually 
operated hydraulic pumps. A load cell attached to the load spreader was monitored 
by computer readout and the tension in each cable was maintained as required as the 
loading continued. The poles were loaded in nominal increments of 1 kN, by 
contracting the tension jacks by the same amount of distance of ram travel at each 
stage of the loading. When each loading step was attained, the blastronics data 
acquisition system was triggered. This system recorded and displayed a reading for 
each load cell, and also recorded the displacements indicated by the displacement 
transducers which were situated at the eaves level, floor level and ground level on 
each pole. 
The load at each stage of the loading procedure was maintained for about four 
minutes at each stage of loading, this was the time it took to record some of the 
readings as a check and to go back and manually operate the tension jacks for the 
next load stage. 
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Plate 6.1 Load spreaders shared the load evenly between the eaves and the floor 
level. 
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Plate 6.2 Loading cables were attached to manually operated hydraulic jacks which 
were secured to the strongfloor. Turnbuckles removed the freeplay from the loading 
system. 
Plate 6.3 Loading cables were attached to the poles at eaves and floor level 
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Figure 6.1. Loading arrangement. 
6.2 Deflection Measuring Devices 
The deflection of the pole house model was to be measured on each of the nine poles 
at three levels, ground level, floor level and eaves level. This meant that 27 
measuring devices were required. This was more than the laboratory could supply, 
and the existing Linearly Variable Differential Transformers (L VDT's) were 
required for other projects and were constantly in use. Purchasing the required 
number of L VDT' s would have been prohibitively expensive and so it was decided 
to fabricate specialised deflection measuring devices for the use on the pole house 
experiment. The Cyclone Testing station at James Cook University had built 
deflection transducers for their experiments on full-scale buildings, and a rough 
diagram of these purpose built transducers was included in the reports on their work. 
The transducers fabricated for this project used the same principal, with a spring-
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loaded plunger which moved a sliding potentiometer. These utihsed a 60 mm sliding 
potentiometer, attached to a plunger which was made of 5 mm diameter aluminium 
rod and fitted with a spring which returned the plunger to a zero position. The 
Blastronics system which was used to monitor the deflections sends a voltage out to 
the transducers and the voltage that is sent back is converted to the required signal 
input. An amplifier had to be wired in series into the circuit to ensure the voltage was 
compatible with the Blastronics System. 
Thirty one of these deflection transducers were constructed, one prototype and 
twenty seven for the experiment along with three spares. The spring plunger and the 
potentiometer were mounted on a plywood base, and thjs assembly installed into a 
section of cable ducting. End caps were glued onto the cable ducting, with the 
plunger protruding from · one end and the cable for the blastronjcs system exiting 
from the other end. The entire device was then screwed to a larger ply wood base 
plate to allow i.t to be clamped in place on site. Plate 6.4 shows one of the deflection 
transducers with the cover removed. The rod and spring hide the resistor below. 
(This photo also shows one of the hazards of outdoor testing, a colony of ants 
claimed this transducer as their own!) 
Plate 6.4 The manufactured deflection transducers. 
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The devices were checked for linearity and accuracy of measurement usmg a 
prototype calibration device which clamped the deflection transducers in place and 
then the plungers were depressed in 1 Omm increments and the resistances were 
recorded using a multimeter. The process was repeated with the device connected to 
the Blastronics system and a calibration factor for each of the transducers was 
calculated and recorded on the body of each device. (Table 6.1) 
The potentiometers were very accurate in their linear resistance response for the 
main part of the travel of the sliding potentiometer. This is very good for such a low 
cost system, and the accuracy and reliability achieved was very pleasing. The total 
cost of each of these devices would have been around $10 for the parts including the 
cable and plugs. During the testing, the devices were positioned so that the deflection 
was in the middle range of the movement of the resistor. 
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Unit no. Factor Unit no Factor Unit no. Factor 
1 0.0915 11 0.0906 21 0.0909 
2 0.0913 12 0.0910 22 0.0918 
3 0.0908 13 0.0912 23 0.0908 
4 0.0908 14 0.0904 24 0.0909 
5 0.0918 15 0.0912 25 0.0901 
6 0.0915 16 0.0907 26 0.0909 
7 0.0908 17 0.0907 27 0.0909 
8 0.0909 18 0.0911 28 0.0909 
9 0.0917 19 0.0866 29 0.0909 
10 0.0905 20 0.0907 30 0.0913 
Table 6.1 Calibration factors for the deflection measuring devices. 
6.3 Datum Frame 
To enable the pole deflection to be measured, and for measuring the deflection for 
the remainder of the tests, an independent datum frame was constructed, using four 
large triangular lattice type frames built from steel channel sections and angle 
sections. These frames had been purpose built for another project, and were adapted 
for use as the corner supports for the datum frame. The corner frames supported 
90mm x 45mm rectangular hollow section (RHS) members which spanned between 
them, effectively surrounding the house and providing an independent frame from 
which to measure movement of the experimental house. The RHS was erected at two 
levels, eaves level and floor level. The deflection transducers were mounted on short 
timber sections which were in turn clamped to the RHS sections. The timber sections 
enabled adjustments to be made to the positions of the deflection transducers. 
Deflection transducers were set up to record the deflections at the floor level of the 
house, at the eaves level and at ground level. 
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Plate 6.5 The Triangular frames and the RHS sections used for the datum frame. 
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The RHS sections were supported at midspan by fabricated angle brackets attached 
to the middle poles on each outside row. These supports were not securely fixed and 
were platforms on which the datum frame could slide. The brackets were smeared 
with grease before each test to ensure they had no effect on the movement of the 
datum frame, no fixity to the house, and that they were not a hindrance to the 
movement of the house. 
Plate 6.6 
The angled support from the pole to the mid span ofthe datum frame member. 
The transducers were mounted on the datum frame so that the plunger was in contact 
with the pole at the required position, and movement of the pole caused movement 
ofthe plunger. 
The centre pole of the house was the only one unable to be reached from the datum 
frame, this was solved by attaching a length of bell wire to the pole at the required 
positions and running this back to a deflection transducer mounted on the datum 
frame. This method worked well throughout the testing. 
90 
6.4 Load Spreaders 
The load spreaders were constructed from a 2700 mm length of Square Hollow 
Section 100 x 1 00 x 5 mm. This was loaded in the centre by the main loading cable 
and had pulleys at each end. The secondary loading cable was attached to the front 
pole of the house, wrapped around the pulley and then attached to the back pole of 
the house in each row. In this way the pole house could be loaded at the front and the 
back at the same time. This method avoided applying the total load to one load point 
and the consequent unrealistic overloading of components as the load spread through 
the house. 
The pulleys were fashioned from car wheel rims, these were the required size and 
were substantially cheaper than manufactured pulley sheaves. The diameter of the 
pulleys had to be sufficiently large to avoid the cables fouling on the front pole after 
the cable passed around the load spreader on the way to the back pole. The load 
spreader had a lug at mid point, this was connected to the main loading cable. The 
main loading cable then ran back and over the top of a steel frame and down toward 
the restraining point on the structural strong floor. The frame was designed to elevate 
the cable to the required height to ensure that the load was applied horizontally to the 
load spreader, and in turn to the house itself. The restraining point consisted of an 
angled steel plate bolted securely to the hold down point on the reaction floor. The 
hydraulic jacks were attached to the angled plate, and the load cable was attached to 
an eye bolt on the end of the hydraulic jack. A turnbuckle attached between the cable 
and the jack enabled the slack to be taken out of the cable. This method ensured that 
the jack travel was not lost removing freeplay from the system. Figure 6.1 shows a 
diagram of the loading system. 
6.5 Blastronics Data Acquisition System 
The field test required the collection of data from twenty seven deflection 
transducers and three load cells. So a data acquisition system with thirty channels 
was needed to record the behaviour of the house during the testing program. 
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The School of Civil Engineering at QUT uses four data acquisition systems, Labtech 
Notebook, Edcar, and two Blastronics units, one sixteen channel and one sixty four 
channel. The Labtech notebook does not have enough channels, and the Edcar 
system, while having enough input capacity, is not suitable for the outdoor 
application that the field tests required This left the Blastronics systems, and the 
sixteen channel unit was too small. 
The deflection transducers were connected to junction boxes by shielded cable, and 
the junction boxes, each with eight channels were then connected to the main 
Blastronics monitoring unit by thicker trunk cables. As well as monitoring the 
twenty seven deflections, three channels were used to monitor the load at each of the 
three main loading cables. This was accomplished using a load cell in each cable, 
installed immediately before the load spreaders. 
The Blastronics unit was manually triggered for the main house test, and could 
display the result of the most recent reading on a laptop computer screen mounted on 
top of the unit itself Manual recordings were taken of selected channels to use as a 
back up system .of results .in the event of a disk failure, .and t.o monitor the progress of 
the tests, and the response of the deflection transducers. 
The Blastronics system workshy taking a number of readings over a set period and 
then averaging all the readings and displaying the result. Tt is a machine purpose 
built to record the behaviour of blasts in quarries etc., and it has a capability of 
taking thousands of readings per second. The relatively simple task of taking 
readings for a static loading test on the pole house was well within the system's 
capabilities. 
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6.6 Testing Procedure 
The procedure followed during a typical test session is listed here: -
1. The hlastronics system was checked to ensure all deflection transducers were 
sending a signal, and were positioned correctly. 
2. A zero reading was taken, then the turnbuckles were tightened to remove freeplay 
from the system. 
3. Another reading was taken and then the jacks were adjusted so that the load was in 
the ratio of one half the total load to the middle jack and one quarter each in the side 
jacks. 
4. Another reading was taken to confirm the distribution of the load. The readings 
were taken by manually triggering the blastronics system, through the computer. 
5. The test then proceeded. A reading was taken and then the load on the jacks was 
increased. 
6. Once the distribution of the load on the jacks had been apportioned, the jacks were 
each moved the same distance, i.e. the jacks were fully extended at the start of each 
test, and to apply load to the house, the hydraulic rams were drawn into the body of 
the jack. 
7. The amount of movement of the ram on each jack wac; kept as close as possible to 
the same, i.e. each time the jacks were shortened by 10 mm. This loading regime 
worked very well, and the load on the house stayed in the same proportion of one 
halfthe load to the middle row of poles and one quarter ofthe total load to each side 
row. 
8. Each increment in the loading cycle took approximately five minutes, from 
triggering the computer, pumping the jacks and checking the computer monitor. The 
duration of a typical test was about one hour. 
9. After the full load had been reached, the jacks were released in stages, hack to full 
extension, i.e. no jack load, and the turnbuckles were released. 
10. Each test at each stage of construction was performed twice, in order to have a 
set of back up data to check in the case of any anomalies. 
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As the house was to be tested at different stages throughout its construction, it was 
not possible to test to destruction in the early part of the testing program. The load 
was taken up to the design load and then released. This wa':l done to avoid any 
permanent deformation or damage that would affect future testing. 
6.7 Summary 
This chapter has reported on the experimental set up and the procedure followed 
during each of the tests performed. The method of applying load to the test house 
using hydraulic jacking equipment and steel cables has been described. The 
specialised equipment designed and manufactured for this experiment, such as the 
datum frame, the load spreaders and the deflection transducers has been detailed 
here. The Blastronics data acquisition system which was used to record the data 
returned from the load cells and the deflection transducers has also been described. 
The next chapter, House Construction, provides a detailed account of the process of 
building the experimental full-scale model pole house. 
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Chapter 7. House Construction. 
The house was constructed and tested in the following stages, and a brief description 
of the particular methods and problems encountered at each stage will be provided in 
this chapter. A more detailed account of the entire construction of the pole house can 
be found in Appendix 2. The construction sequence followed was typical for a pole 
structure, and also allowed physical access for the testing requirements. 
The house was tested at the following stages of construction:-
• Poles and frame erected. 
• Ply ceiling fixed. 
• Roof sheeting attached. 
• Ridge cap added. 
• Flooring installed. 
• Fibre cement sheet bracing panels installed 
• Plywood sheet bracing panels installed. 
• Exterior cladding fixed. 
• Interior cladding fixed. 
7.1 Pole Installation and Frame Erection. 
The poles were installed first. The poles were installed into pre-drilled holes, 2 m 
deep and 450 mm in diameter. There was a set no-fines concrete plug 200 mm thick 
at the bottom of each hole, so the embedded length of the pole was 1.8 m. The poles 
were backfilled with N20 concrete that was placed as described in chapter 4. 
After leaving a total of 30 days to allow full concrete strength to be attained the 
poles were then tested twice. Initial testing involved applying a horizontal lateral 
load at a height of 2100 mm. The second stage of testing applied an equal lateral 
load at 2100 mm and 4500 mm, using the load spreader assembly that would be used 
throughout the remainder of the house testing programme. 
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After these tests were completed, house construction began in earnest! The first task 
was to cut seats into the poles to fit the floor bearers. The depth of cut was 50 mm, 
and although this reduces the strength of the pole at the cut, it is a common way of 
fitting the bearers to the poles (NAFT 1989). The floor bearers were lifted into 
position and clamped in place. Holes were bored through the bearer and the pole to 
suit 16 mm diameter bolts that held the bearers securely in place. 
Once the three main floor bearers had been erected, the joists were placed across the 
bearers and skew nailed in position. The joists were later connected to the bearers 
with triple grips at every second joist. This connection provided sufficient tie down 
canacitv for the floor-to-bearer load nath. 
. . . 
The roof bearers were then erected in the same fashion as used for the floor bearers. 
The slots were cut in the poles at the required height and the bearers were lifted into 
position using a chain block hanging from a custom built lifting rig which attached 
to the top of the poles. Once again the bearers were clamped into position and holes 
were drilled through for the 16 mm bolts. 
The rafters were then cut to size and put into position on top of the roof beams. The 
rafters had to be specially cut, with a seat sawn into them at the positions where they 
sat on top of the bearers. Also a "birdsmouth" had to be sawn in to allow for the 
positioning of the top plate of the wall. Rafters were nominally positioned at 900 
mm centres, but this exact spacing was impossible as the centre rafter would have 
fallen in the same place as the supporting poles. The rafters therefore had to be 
offset to allow for this, while still ensuring reasonably even spacing. 
After the rafters were set in place they were skew nailed to hold them in position, 
then two triple grips were nailed on at each end of each rafter. After attachment of 
the rafters the frame was ready for the first test in the series. This entailed loading 
the bare timber frame with the load intended to be applied to the whole house, to 
model the wind incident on the completed structure. The frame's response was 
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monitored and recorded in the form of deflection movement due to this load. This 
would fonn the base line for all future tests, as it was implicitly obvious that as more 
material was added during the construction, the deflection of the house would 
continually reduce. The testing procedure has been described in detail in Chapter 6, 
and the .results are discussed in Chapter 8. Plate 7.1 shows the main structural 
framing, floor bearers, roof beams, joists, and rafters in place. 
Plate 7.1 The structural framing completed. 
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7.2 Installation of the Ply Ceiling. 
Exposed rafters are a common feature in pole frame houses, as they display the 
timber in the rafters rather than cover them with a flat plasterboard ceiling. It was 
decided to have t?Xposed rafters and a raking ceiling in the experimental pole house 
to try to incorporate as many of the typical features as possible. The job of the 
ceiling is to transfer forces that are incident on the wall through to end walls, or any 
internal bracing walls. The ceiling has to be capable of transferring the forces 
through to the walls. This usually occurs by diaphragm action. Lateral wind load on 
the incident wall is shed to the top plate, and from here the load is transferred to the 
ceiling diaphragm by the rafters. The ceiling diaphragm then sheds the load to the 
perpendicular bracing walls. Load then goes to the bottom of the walls, where the 
connections resist lateral load and overturning forces arising from the moment 
equivalent to the load applied multiplied by the height of the wall. The moment is 
carried in bending by the floor beruns, to which all the bracing walls are securely 
attached. The floor beams are securely bolted to the poles, so the load is then 
transferred to the poles and carried to ground in cantilever bending. 
The ceiling diaphragm comprises the rafters, the ply, and the battens. The ply was 
laid across the top of the rafters and nailed onto the rafters using 30mm x 2. 8 mm 
galvanised ring shank connector nails, spaced at 150 mm around the edges ofthe ply 
sheets and at 300 mm maximum spacing in the interior of the sheets. 
The 3 8 x 7 4 mm F 14 CCA treated hardwood battens were laid on top of the 
plywood, and fastened to the rafters below using battens screws. The ply was then 
nailed from below up into the battens, using nails as before with 150 mm spacing at 
the edges of the sheets and 250 mm spacing in the middle of the sheets. After the ply 
was nailed into place, forming a secure load resisting diaphragm the house was 
tested by subjecting it to the design wind load. 
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7.3 Roof Sheeting Attached. 
After testing the house with the ply diaphragm ceiling in place, the roof sheeting was 
attached. The roofing material was a galvanised metal sheeting, it had a rib pattern 
and was to be fixed at each batten with a roofing screw through the rib, into the 
batten below. After the roof sheeting had been attached, the house was again 
subjected to a lateral load, and the deflection of the poles was noted at each of the 
selected positions. 
7.4 Ridge Cap 
A ridge cap of galvanised steel the same thickness as the roof sheeting was attached 
on the ridge of the roof The ridge cap was secured with a roofing screw at every rib, 
on each side of the roof In Gebremedhin's experiment (1992) with a post frame 
building, the attachment of the ridge cap markedly reduced the deflections of the 
building, because it was the first link between the diaphragms on each side of the 
roof which until that link had been essentially two separate diaphragms. In the pole 
house experiment however, the ridge beam already provides a structural link 
between the two diaphragms, as the rafters from each side of the roof are securely 
attached to the ridge beam. The ceiling diaphragm is attached to the rafters and the 
roof sheeting is secured to the battens which form part of the ceiling diaphragm. 
Attaching the ridge cap in the pole building does not provide the only link between 
the two sides of the diaphragm. As will be seen by the test data in Chapter 8, there 
was no measurable difference in the behaviour of the pole house when it was 
subjected to the lateral load test after the addition of the ridge cap. 
7.5 Flooring Installed. 
The flooring was selected to be tongue and groove timber strip flooring. This 
material was selected because strip type flooring systems have the least racking 
resistance compared with sheet type products, and it was decided to test the house 
using materials which would show the most deflection. 
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The house was once again subjected to the lateral load test after the flooring had 
been completed. 
7.6 Wall Framing. 
Before the next stage of testing could take place, with bracing walls, the wall 
framing had to be erected. The wall framing was all nominated to be 90 x 45 mm F5 
seasoned softwood. 
7. 7 Fibre Cement Sheet Bracing Panels Installed. 
The bracing requirements for the house were that it should withstand 14.2 kN in the 
sideways direction and 9. 7 kN in the front to back direction. It was decided that the 
bracing would be provided by using some bracing walls of fibre cement sheeting, 
(for wet areas), some plywood bracing sheets and diagonal metal braces. The bracing 
layout can be seen in Figure 7.1, which is a partial copy of the house plans which 
appear fully in Appendix 1. 
One of the manufacturers of fibre cement sheet, James Hardie Building Products, 
who donated the materials for the bradng walls for the wet areas also donated some 
"Hardibrace" bracing sheets they had developed to be used instead of the traditional 
ply. These sheets were supplied to be tested in parallel with the ply sheets to see how 
their response to loading compared with that of the ply. There were two bracing 
panels on the eastern end wall of the house and it was decided to install the 
"Hardibrace" on this end wall first, then replace the two bracing panels with the ply 
sheets and then compare the test results. 
Once all the bracing walls were erected the house was once agam tested by 
subjecting it to a lateral load, via the cables and load spreaders. 
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7.8 Plywood Sheet Bracing Panels Installed. 
After the first of the tests on the house with the bracing walls attached the fibre 
cement panels were removed from the western endwall and they were replaced with 
the 4 mm F14 plywood bracing panels. After these panels had been erected the house 
was again subjected to the lateral load, this time to check the performance of the ply 
bracing panels compared to the fibre cement bracing panels. The deflection 
differences between the two bracing systems were negligible. 
7.9 Exterior Cladding Fixed. 
The exterior cladding was chosen to be fibre cement product, in the form of 
weatherboards. Once again, as with the strip flooring, it was decided that it would be 
most beneficial to include in the building a building material which had the least 
resistance to racking, and would show more deflection. Sheet type cladding products 
would provide more racking resistance than the weatherboards. 
After the exterior cladding had all been fitted the house was once again tested by 
applying the lateral load through the cables and load spreaders. Plate 8.2 shows the 
house with the exterior cladding in place. 
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BRACING WALL PLAN 
BRACING WALL SCHEDULE 
WIND DIRECTION A 
WALL LENGTH CAPACITY 
(m) (kN) 
BW1 2.0 3. 75 
TB1 2.7 2.0 
TB4A 1.8 4.0 
TB4B 1.8 7.2 
TOTAL 16.95 
WIND DIRECTION B 
WALL LENGTH CAPACITY 
(m) (kN) 
BW1 4.0 8.0 
TB4A 1.8 4.0 
TOTAL 12.0 
Figure 7.1 Bracing Wall Plan. 
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Plate 7.2 The experimental house complete with exterior cladding. 
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7.10 Interior cladding fixed. 
The interior cladding was chosen to be plasterboard as is widely used in domestic 
construction. The plasterboard was CSR Gyprock, donated by CSR. The wet areas 
were clad inside with the fibre cement sheet. After the interior cladding had been 
completed, the house was once again subjected to the lateral load test. This marked 
the last test in the series. 
7.11 Summary 
This chapter provides a brief description of the practical details of the pole house 
construction from pole erection through to the installation of the interior cladding. A 
more detailed description appears in Appendix 2 where the method of construction 
and problems encountered are reported fully. Chapter 8 presents a discussion of the 
behaviour of the test house as it was subjected to the lateral load, at each of the 
construction stages. 
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Chapter 8. Discussion of Test Results 
Throughout the entire testing procedure, at every stage of the house construction, 
close attention was paid to the structural response behavjour of the house as it was 
subjected to the test load and then unloaded again. Some of the points noted were 
purely physical observations during the tests while others were only noted when the 
deflection data was reduced and analysed. The following discussion will deal with 
each test in order and all unusual occurrences will be reviewed and discussed. 
The poles had small cracks in them called checks, up to 5 mm wide running along 
their length. The width of the cracks was measured at a time of zero lateral load and 
then again at full load. The width of the cracks did not change. Cracks that had 
appeared in the top of some of the concrete footings, were also monitored in this 
way, and once again the cracks were seen to be inactive. 
In several tests dial gauges were set up to verify the performance of the deflection 
measuring transducers. They were positioned at the base of the poles to verify that 
the poles did not move at the ground line and they were also placed in various 
positions on the datum frame in order to check on the results gained from the 
electrical equipment. In all of these comparisons, the deflection transducers were 
found to be totally in agreement with the reading from the dial gauge. 
During the following discussion and for the remainder of this work, the house poles 
will be discussed at some length. The test house was positioned on a block of land 
with the front of the house facing the structural strongfloor. To an observer on the 
strongfloor facing the house, on the right of the house was a gate to the main 
compound, and on the left of the house was a large water tank To clarify the terms 
used in the discussion, when referring to the position of the poles, the following 
applies. Poles 1 ,2, and 3 constitute the front row. Poles 7, 8, and 9 are the back row. 
Poles 3,6,and 9 are on the gate side. Poles 1, 4, and 7 are on the tank side. The 
"Middle" row will refer to the row of poles 2, 5, and 8 between the gate side and the 
tank side, perpendicular to the ridge. 
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Figure 8.1 The layout of house poles showing the notation used in the text. 
8.1 Test One- Frame Structure, Poles, Beams, Bearers, Rafters, and .Joists. 
The poles deflected as cantilevers from the ground level, showing quite large 
deflections, as would be expected. The joints connecting the timber beam elements 
to the posts were not fixed, moment carrying joints, and could be expected to act 
more like pin joints. The joists and rafters connecting between the poles constrained 
the poles to deflect together, as shown in the deflection data, with the poles at each 
side of the house returning similar deflections for the front pole and the back pole. 
The datum frame was constructed to allow access to eaves level at the front and back 
of the house. Deflection for the row of poles on the ridge line was not measured at 
ridge level but at the same level as the front eave which was 1.1 metres below the 
ridge. This was done for simplicity, and ease of access to the transducer, it was more 
effective to mount the deflection transducer on the datum frame at that height instead 
of trying to erect an additional extended mounting position for it. The measured 
deflections for the middle row of poles were less than those for the front and back 
poles. This was due to the fact that the rafters constrained the pole tips to deflect the 
same amount, so measuring the deflection at 1 metre below the tips of the poles in 
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the middle row, returned smaller deflections that those measured at the eaves level at 
the front and back of the house. 
The loading procedure was intended to mirror the actual load that would be applied 
to the house in a design wind situation. This meant that following the principle of 
contributory area, for a typical wall panel spanning between two poles, the wi.nd load 
on one half of the panel would be taken by the pole at one side and the wind load on 
the other half of the panel would be taken by the other pole. This meant the middle 
row of poles (poles 2,5, & 8) would receive twice the load of each of the outside 
rows, a load distribution of 1 : 2 : 1. The first test, however was carried out while the 
structure was essentially a pin jointed frame. This meant that the load distribution of 
1 : 2 : 1 would be inappropriate due to an inability of the frame to redistribute the 
loads. A load ratio of 1 : 1 : 1 was used. Consequently the deflections shown for the 
front row poles, 1, 2, and 3 for test one are similar (Figure 8.2). Deflection for pole 1 
was 43.5 mm, pole 2 was 40 mm and pole 3 was 41 mm. A 3 mm difference in 
deflection over 6 m is a negligible difference in architectural terms, where deflection 
limits of span/500 are given. 
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Figure 8.2. Front Row Pole Deflections for Test 1 at 20kN total load. 
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8.2 Test 2- Ply Ceiling Attached. 
The addition of the ply ceiling would be expected to distribute the applied load to the 
whole frame, and constrain the tops of the poles to move together. The load is 
definitely redistributed, as shown in the comparison with test one. The gateside and 
tankside poles have less load directly applied in test 2 but they actually deflect more 
than in test 1. The middle row of poles, whilst having more load directly applied are 
deflecting less than in the first test. To quantify this, in test 1 the total load of 15 kN 
was made up of 5 kN to each row ( 1 : 1 : 1 load ratio), and the deflections in poles 1, 
2, and 3 were 32 mm, 31 mm, and 29 mm. For the second test, the loading was 3.75 
kN to the outside rows and 7.5 kN to the middle row, (1 : 2 : 1 ratio) and the 
deflections in the front row were 32mm, 27mm, and 29mm. The ratio of load to the 
middle and side rows of poles was maintained very well at the desired ratio of 1 to 
the sides and 2 to the middle throughout the test. The rate of deflection measured at 
the eaves level on the poles was approximately 10 mm for each 5 kN of the total load 
applied to the house. Figure 8.3 shows a comparison between the deflections 
measured in Test 1, where the loading was even, and the deflections for test two, 
where the load was applied in the correct load ratio. Figure 8.4 shows the deflection 
for pole three in Tests 1 and 2. Figure 8.5 shows the load distribution and front row 
pole deflections for Tests 1 and 2 at 15 kN total load. The comparison uses 15kN 
loading because during test 2 the load of 20kN was not achieved due to a slight 
problem with the hydraulic jacking equipment. 
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Figure 8.3 Front Row Pole Deflections for Tests 1 and 2 at 15 kN total load 
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POLE HOUSE 
TEST1 4.6Kn 5.8Kn 4.6Kn 
DEFLECTION 32 31 29 
TEST 2 3.75 Kn 7.5 Kn 3.75 Kn 
DEFLECTION 32 27 29 
Figure 8.5. Front row pole deflections for tests 1 & 2 showing that the ply roof redistributed the 
load through the house. In Test 2 Centre pole has more load but less deflection than in Test 1, whilst 
the outside poles have less load but the same deflection. 
110 
8.3 Test 3- Roof Sheeting Attached 
The resulting deflections from this test are virtually identical to those of test 2 with 
the ply diaphragm alone in place. This indicates that the application of a less 
structurally stiff diaphragm (the roof sheeting), over a stiffer diaphragm, (the ply 
ceiling), contributes little to the overall stiffness of the building up to the design load. 
If the tests had proceeded to failure, the roof sheeting may have come into play as an 
additional strengthening element once the ply had started to fail. This test series was 
not taken to failure as the objective was to test the completed house. 
8.4 Test 4- Ridge Cap Attached 
The resulting deflections from test four after the addition of the ridge cap were again 
identical to those of the previous tests (Figure 8.4) and as a result are not shown 
separately. This was a good indicator of the precision of the loading achieved over 
the three tests, in that the experimental procedure produced repeatable results and 
accurate load levels. 
In tests on post frame buildings by Gebremedhin (1992) the addition ofthe ridge cap 
was the first structural connection between the diaphragms on either side of the roof. 
The ridge cap effectively joined them into one large diaphragm and the deflections 
he measured were greatly reduced. The ridge beam in the pole house already 
provides a structural connection from one diaphrabTffi to the other, the rafters being 
secured to the beam with two triple grips each. The cross section through the ridge is 
shown in Figure 8.6. 
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Figure 8.6. Ridge Cross Section 
8.5 Test 5- Floor in Place 
The floor system was tongue and grooved floorboards that were cramped up five 
boards at a time and then nailed down. This system would allow more movement 
and flexibility than a sheet type flooring system. The addition of the floor would be 
expected to constrain the poles to move together equally, as they were restrained at 
the eaves level and at the floor level, both of the loading points, by the roof and floor 
diaphragms. The floor level deflections did not change significantly from the 
previous test. This is because the poles at this stage were constrained to move 
together by the diaphragm at roof level, and the additional restraint provided by the 
floor diaphragm did not interfere with the way the poles were deflecting. This is 
because the load was applied to the poles at the front and back of the house. The load 
was transferred to the middle row of poles by the connection of the timber members. 
In the bare frame there would have been some movement in the timber connectors 
which would have occurred as the load was applied. 
When the floor was added, the middle row of poles had an additional connection by 
virtue of the fact that the floorboards were cramped up tightly and nailed in place, 
and they were closely trimmed around the poles. This would restrict any freeplay of 
the frame members, and so more fully uti! ise the stiffness of the middle row of poles. 
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The gate side of the pole house had the small verandah, and the boards to the 
verandah floor were not tightly cramped up and fastened tongue and groove boards. 
They were trimmed and smoothed, and had a gap between each board for rainfall 
runoff. This system would still allow a little freeplay at the gate side, and would 
explain the slight differences in behaviour from one side of the house to the other 
after the attachment of the floor diaphragm. 
8.6 Test 6. Bracing Walls in Place 
All of the bracing walls were installed for this test. One of the sponsors of the 
Project, James Hardie Building Products, donated the outside cladding for the house 
and asked if their Hardibrace bracing panels could be included in the testing program 
to see how they performed in comparison with the ply panels that are most 
commonly used in the building industry. The building design had two conveniently 
located bracing panels along the tankside wall, and it was decided to run two tests 
\vith the bracing walls in place, the first using the fibre cement bracing panels and 
the second using the ply wood sheeting. 
The addition of the bracing walls greatly stiffened the whole structure, and markedly 
reduced the deflections at the eaves. The eave deflection at pole 1 at a load of 15 kN 
in the previous test was 26 mm, and the eaves deflection at pole 1 for the test with 
the bracing walls installed was 9.4 mm. Floor level deflections were reduced from 
6. 7 mm to 3.2 mm at the 15 kN load level. 
The bracing installed in the direction of the loading was 2 x 0.9 m panels of TB4A 
along the tank side wall, and 3m ofBWl along the gate side wall, and another 2m of 
BW1 in the middle wall. TB4A is rated at 2.0 kN/m so the tankside wall had 4 kN 
worth of bracing. BW1 is rated at 2.0 kN/m which placed 6.0 kN of bracing 
resistance in the gate side wall, and 4.0 kN of bracing resistance in the middle wall. 
The deflections in the test reflect this bracing distribution, in that the deflections at 
the gate side are more than 2 mm less than those at the tank side. The addition of the 
bracing walls reduced the average eaves deflection in the front row of poles to 11.2 
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mm. This represents an overall reduction ofthe eaves deflection of71% compared to 
Test 1 of the frame alone. Figure 8. 7 shows the front row deflections at the bare 
frame, ply roof, and bracing wall stages of construction. The addition of the bracing 
walls can act as a rotational restraint on the poles at mid height. This will stiffen the 
house considerably, as it has the potential to introduce double curvature in the poles. 
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Figure 8.7 Front Row Pole Deflections at 20 kN total load 
8.7 Test 7- Ply Bracing Panels 
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-r-Bracing! 
The fibre cement bracing panels were removed from the tankside wall and replaced 
with ply sheets which were nailed on with the required nailing pattern to confonn to 
the TB4A design. Details of the TB4A bracing walls can be found in the drawings in 
Appendix 1. (The nailing pattern can improve the bracing capability of the ply sheet, 
for a 2 kN per metre bracing panel, the nails are spaced at 150 mm at the edges of the 
panel and at 300 mm to the studs inside the panel. To increase the bracing capacity 
to 4kN per metre nails at the top and bottom edges of the panel are spaced at 50 mm) 
The house was again loaded to the design working load, and the deflections of the 
poles were compared the those of the previous test. The deflections were almost 
identical, and this indicates that up to the working load level the fibre cement sheet 
bracing panels perform the same as the plywood panels. The fact that the structure 
displayed the same deflections at the same loads as it had for the previous test was 
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once again an indication of the repeatability of the tests and the consistency of the 
testing procedure. 
Comparison of House Deflections 
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Figure 8.8 Load Deflection plot comparison for pole 3 eave. 
8.8 Test 8- External Cladding Attached 
i--<>- Frame 
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The external cladding was a fibre cement product designed to look like the classic 
weatherboards of traditional Queenslander type house construction. Again this type 
of cladding was chosen because it would not be as stiff as a sheet type cladding and 
it was decided to test the house in the configuration that allowed the most movement. 
The addition of the cladding reduced the deflection at the poles. The poles at the 
tankside reduced the deflections at the working load of20kN from 13.5 mm to 7 mm 
for pole 1, and 13 mm to 6 mm for pole 7. Averaged front row deflections at the 
eaves were 7 mm. This is an 82% reduction for the eaves deflection compared to 
Test 1. Figure 8.9 shows deflections after the addition of the external cladding. The 
Load deflection plot up to this stage of construction is shown for the eaves level at 
pole 3 in Figure 8.1 0. 
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The poles at the gate side reduced from 8.2 mm to 6 mm for pole 9 and from 9.8 mm 
to 8.3 mm for pole 3. The reason that the deflections did not reduce so markedly is 
two fold. Firstly the racking resistance at the gate side was already larger from the 
addition of the bracing walls so the deflections were smaller to begin with. Secondly 
the front verandah is at the gate side and this meant that the diaphragm of 
weatherboard cladding was 1.5m shorter on the gate side than on the tankside. 
The deflections through the middle of the house also decreased and this shows again 
the load-sharing that is occurring throughout the house. No additional cladding 
which formed a diaphragm in the direction of the load was attached directly to the 
middle portion of the house but the deflections still reduced as a whole. 
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Figure 8.9. Front row pole deflections after the addition of external cladding. 
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Figure 8.10 Pole 3 eaves deflections up to external cladding 
8.9 Test 9- Internal Cladding Finished 
Test 9 was conducted after the Gyprock plasterboard was fitted to the inside walls of 
the house. Gyprock was held in place using manufacturer's special adhesive and 
plasterboard nails. MacKenzie ( 1992) states that up to 50% of a house's bracing 
resistance can be provided by the ordinary wall sheeting. Walls sheathed on one side 
can be rated as providing 0.3 kN /m and double sided walls can be rated at 0.5 kN/m. 
The addition of the internal sheeting then would be expected to contribute to the 
stiffness of the house as a whole. This was realised in the final test, where 
deflections were once again reduced compared with the previous test. Pole 1 reduced 
from 7.2 mm at eaves under the total load of 20kN to a deflection of 6.1 mm at the 
eaves level after the installation of the internal cladding. The reduction at floor level 
went from 4.2 mm to 3.6 mm. Pole 4 and 7 at the tank side deflected almost 
identically to pole 1.Poles two and three at the front of the house also exhibited 
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reduced deflections after the addition of the cladding. The average eaves deflection 
at the front row was 6 mm for Test 9.This was an 85% reduction from Test 1. 
Figure 8.11 shows the front row eaves deflections at 20 kN Total load at different 
stages during the house construction, and Figure 8.12 shows the back row 
deflections. 
The deflection at the gate side was interesting in that the top eave deflection reduced 
by a similar amount to the rest of the house but the floor deflection did not reduce 
substantially. This is because the bracing wall at the bathroom essentially made up 
the entire wall in that side of the building. There was only a small section of kitchen 
wall, which had a window for almost the entire length of it and then the verandah. 
This meant that the addition of a small amount of Gyprock to the wall, under the 
kitchen window, would not have any marked bracing effect on this wall if treated in 
isolation. The fact that the deflections did reduce at the eaves level showed that once 
again the loads were being transmitted through the ceiling diaphragm to the stiffer 
elements in the house. The floor deflection remained the same because up to floor 
level the wall at the gate side was the same as it had been for the previous test, and 
because essentially no additional diaphragm elements were added the pole deflected 
the same amount to that level. 
The tank side poles on the other hand while still the same to floor level had a 
significant amount of diaphragm added to the wall. This would reduce deflection at 
the roof level and because the lateral load at the roof level had been transferred to 
vertical reactions by the diaphragm action of the bracing walls 
Tests at the Cyclone Testing Station (James Cook University 1987) found that the 
Gyprock cladding increased its bracing resistance even more when the joints 
between panels were set with plaster and the cornices were installed as per 
manufacturers instructions. This test series did not proceed past the installation of the 
Gyprock sheeting. 
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Figure 8.11. Comparison offront row eaves deflections throughout the test series. 
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Figure 8.12. Comparison of back row pole deflections throughout the test series. 
119 
Comparison of House Deflections 
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Figure 8.13 Comparison of Pole 3 Eaves Deflections throughout the Test Series 
Figures 8.11 to 8. 13 show how the deflection of the pole house reduced as more 
structural and non-structural elements were attached during the construction process. 
The most dramatic increase in the stiffness of the building was due as suspected to 
the addition of the bracing walls. 
8.10 Summary 
A full-scale pole frame house was constructed and tested in vanous stages of 
construction to determine the contributions of the structural elements to the rigidity 
of the building. The following remarks can be made at this stage. 
Pole movement at ground level was negligible, although some rotation of the pole in 
ground was present which precluded modelling the poles as fixed at the base. This 
validates the approach taken in the model. 
The attachment of the ply ceiling diaphragm constrained the poles to move together 
and distributed the applied load to all of the attached poles. In the latter part of the 
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test series, the roof and ceiling diaphragms together were effective in transferring 
load to the bracing walls within the building. 
The stiffness of the house increased as more structural elements were attached to it 
during the construction process The addition of bracing walls resulted in the most 
dramatic increase in the stiffness of the building. The averaged eaves deflections for 
the poles indicated a 71% reduction compared to test 1 after the bracing walls were 
attached. 
The external cladding and internal cladding definitely contributed to the stiffness of 
the building. The eaves deflections indicated a reduction of 82% and 85% 
respectively compared to the deflections from test 1. 
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Chapter 9. Computer Modelling 
As indicated earlier in the thesis, (Chapter 2.8) pole frame housing design has 
historically been based on empirical processes. A detailed evaluation of the effects of 
varying site conditions and different structural configurations is a lengthy and 
tedious affair. Alternatively, engineers and architects must be restricted to pre-
established desibrns. The development of a prototype model that has been calibrated 
using true field data would be a significant step forward in pole house design. Such a 
model would be very valuable in the initial design phase, when the effects of pole 
size, soil conditions and pole embedment are being evaluated. 
If the computer model is to be embraced by the engmeenng or architectural 
professions for routine use in pole house design it should not be overly complex, as 
this would discourage its use. There would be little advantage therefore in modelling 
each and every element of the house, as the model would rapidly become confusing 
and unwieldy. Also as a model becomes more complex there is more room for the 
introduction of errors, and it is more difficult to trace the source of those errors. It 
was decided to use a commercially available and \videly used structural analysis 
package for the computer modelling so that the methods used and computing power 
would not be out of the reach of any typical engineering design office. The program 
Spacegass (ITS Services) was originally used as it was provided at QUT but due to 
extraneous circumstances the facilities at QUT were unavailable toward the latter 
part of the project. Formation Design System's "Multiframe 30" Version 5.04 
( 1998) was used for the final model, and for completeness the earlier work carried 
out on Spacegass was repeated and verified using the Multiframe package. 
The computer model was calibrated using the full-scale field data. ln this way a 
computer model could be constructed for any type of pole house and the behaviour 
of a house could be tested without the need to conduct further extensive and 
expensive field-testing. To achieve this goal the computer model was calibrated to 
provide results comparable to those achieved by the field tests. 
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9.1 Modelling Pole Embedment Tests 
The initial stage of the computer modelling involved replicating the results of the 
pole embedment tests by employing spring forces to represent the properties of the 
soil. The system of parallel spring resistances were calibrated to reflect the soil 
stiffnesses returned by the dynamic cone penetrometer tests. The model was quite 
successful in achieving similar deflections to those occurring in the field trials. Once 
the spring resistances had been determined the model was able to adequately 
represent the behaviour of the poles in the ground for the different types and depths 
of backfill. 
The model could then be used to predict the response of a pole as it rotated and 
deflected under load. The point of rotation of the pole could be tracked as it moved 
deeper into the soil as the surface backfill started to yield. 
A schematic 
representation of the two 
pole embedment 
models, the first with the 
total len_s>th ofthe 
embedded pole with 
springs to model the soil 
restraint, the second 
simpler version with a 
rotational spring at 
ground level. 
/\ r 
Figure 9.1 Modelling the base fixity of the poles 
As shown in Figure 9.1 the model used seven springs to model the soil resistance, 
and this system could have then been transferred for use in modelling the foundation 
of the pole house. However in order to simplify the model and to reduce the number 
124 
of members used it was decided to use a simpler rotational spring at the base of each 
pole (also shown in Figure 9.1). This was possible as the deflection at the groundline 
of the poles was negligible at the working loads used for the full scale house testing. 
The small ground level deflection was established in Chapter 4, and pole embedment 
tests indicated movement of O.lmm for the working load of 3 kN. It was considered 
adequate to model the poles with a pinned base and a rotational spring. This system 
provided some moment capacity yet also allowed rotation of the pole. The rotational 
spring stiffness was chosen by comparing pole deflections of the field tests to pole 
deflections in the computer model. Once a suitable spring stiffness was selectedto 
represent soil stiffness the behaviour of the computer model closely paralleled the 
behaviour of the poles in the field tests up to the working load level. 
The properties of each individual structural member in the pole house had been 
determined by performing the standard two point bending test in the laboratory as 
discussed in Chapter 3. It was decided, again in the interests of reducing the 
complexity of the computer model, to use mean values for the properties for the 
structural members. (Tables 3.3 & 3.4). Preliminary computer runs compared house 
deflections using individual pole properties and beam properties with the deflections 
returned from computer models using averaged properties. The results from the 
averaged, simpler models were practically identical to the deflections returned using 
individual values for each member. It was considered appropriate to use averaged 
properties for the computer model as individual member testing would be 
prohibitively time consuming and expensive and would not normally be carried out 
as a precursor to residential house construction. Use of "F" classification would be 
acceptable in the absence of tested values for individual members, however as the 
"F" grade classification system represents a strength that 95% of samples would 
exceed, the model would produce upper bound deflection results. This "upper 
bound" approachwould still be useful for qualitative evaluation of structural 
response for various building configurations possible in pole houses. 
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9.2 Stages in the Model Development 
The full-scale pole house used in the field trials was tested at several different stages 
throughout the construction process. The various field tests were duplicated in the 
computer model. 
9.2.1 Poles in Ground 
The first model constructed represented the poles in the ground and involved 
modelling the ground and the soil reaction using a set of linear springs equally 
spaced down the pole below ground level (Figure 9.1). The spring stiffnesses were 
chosen to reflect the relative stiffness of the soil as measured by the cone 
penetrometer tests. The deflections returned using this model for the poles in the 
ground were a good representation of the actual values returned by the pole 
embedment and lateral loading tests.(Figure 9.2) 
The second method of modelling the pole behaviour in the ground (backfilled with 
the concrete) was to use a rotational spring at ground level (Figure 9.1 ). This worked 
well as the lightly loaded (at working loads) poles had negligible movement at 
ground level. Deflection behaviour, however, was such that a fixed base model 
returned deflections that were smaller than those measured in the field. This 
indicated some rotation of the pole in the ground probably using the surface as a 
centre of rotation. 
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Figure 9.2 Comparison of Pole deflections from the field test with the rotational 
spring model and the soil spring model. (Deflection at 2.1 m height) 
9.2.2 Structural Framework 
The next stage of the computer model was to test the entire framework of the pole 
house. A model was set up using the poles with their spring bases, the roof and floor 
beams, rafters, and floor joists. (Figure 9.3) This was then subjected to lateral loads 
applied at the eave and floor level on each pole at the front and back of the house, 
duplicating the field test loading procedure. Load was applied perpendicular to the 
ridge. 
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Figure 9.3 The Computer model for the basic framework of the house 
Individual member properties were not used, and mean (50 percentile) properties 
were assumed for the poles, beams, rafters and joists. (Tables 3.3 & 3.4 ). The effect 
of this approach on deflection prediction was evaluated using a sensitivity analysis, 
reported in Section 9.4 
9.2.3 Ply Ceiling 
The Ply ceiling was added to the pole house and this was modelled in the computer 
using diagonal bracing elements to represent the diaphragm. This approach was used 
successfully by Gebremedhin (1992), Heldt (1997), and Moore (1996) in their 
various tests on post frame buildings, portal frames, and diaphragms. 
The diaphragms were modelled by using the National Association of Forest 
Industries criteria from Timber Datafile SS6 "Timber Shear Walls and Diaphragms" 
that for a given load the panel must not deflect more than 8mm. Single bracing 
panels were separately modelled on the computer package Multiframe, using studs 
for the chords and using steel straps as diagonals. The steel straps were varied in 
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thickness and width until the required deflection was achieved. In this way, it was 
found that a 4 kN/m rated bracing panel could be modelled using steel strap 
diagonals of 50 mm width and lmm depth. The panels were then incorporated into 
the computer model. (Figure 9.4) A designer would follow this simple process for 
the various bracing panels used in house construction. For example a 2.5 kN/m rated 
bracing panel would be evaluated and modelled using the steel strap member in the 
order of30mm wide by 1 mm thick. 
Figure 9.4 Diagonal members added to represent the roof diaphragm 
The next stage of the house construction was the addition of the roof sheeting over 
the ply ceiling. The deflections of the pole house did not change at all from the 
earlier "ceiling only" test. It was clear that the stiffness of the ply diaphragm was 
such that the addition of a much less rigid diaphragm on top would not contribute to 
the lateral deflection resistance behaviour of the house up to the level of working 
load. 
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9.2.4 Ridge Capping 
As discussed previously, (Section 8.4) the deflections returned during the field tests 
after the addition of the ridge cap were identical to those of the previous test. This 
led to the conclusion that the addition of the ridge cap made no difference to the 
behaviour of the house. The ridge cap was not included in the computer model. 
9.2.5 Flooring 
The addition of the flooring was the next stage in the house construction and this was 
again represented by the addition of diagonal elements in the computer model. Steel 
straps 50 mm x 1 mm were used for the floor diaphragm (Figure 9.5). 
Figure 9.5 Flooring modelled by the addition of diagonal members 
The addition of the floor made no difference at all to the computer model results. 
This can be explained by the fact that the poles were already constrained to deflect 
together by the roof diaphragm, and at floor level the floor joists provide connection 
from the front to the back of the house. In the field tests, however there was around 5 
mm of difference in the deflection at the eaves in the row of poles at the tank side. 
This was attributed to the presence of the small verandah and this effect was 
explained in Chapter 8 "Discussion of Test Results" 
9.2.6 Bracing Walls 
The next stage of testing was after the addition of the bracing walls. In order to add 
the bracing walls all the studs for the walls in the house had to be erected. As 
previously mentioned, the computer model was not inclusive of every member added 
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to the house in order to maintain a reasonably simple working model. The bracing 
walls were modelled using steel strap diagonal elements, 50 mm x 1 mm, in the same 
manner as the roof diaphragm. The model is shown in Figure 9.6. The bracing walls 
that spanned between poles as at the bathroom wall behaved quite well in the 
computer model, as the diagonal element was in effect acting from the top of one 
pole to the floor level of the next pole. 
The smaller panels did not behave so well in the model, and exhibited local rotation 
as a solid body, with accompanying large deflections. Even stiffening the panels to 
unrealistic levels did not lessen the deflection and obviously the house itself was 
resisting the load via the interaction of the various components, and not relying 
solely on the bracing panels. In an attempt to incorporate this interaction into the 
computer model the top and bottom chords of the smaller bracing diaphragm were 
altered to include (in the case of the bottom member) the floor joist, the bottom plate 
and a contributory part of the floor. The deflections resulting from this amended 
model were much more acceptable and comparable with the actual deflections 
returned by the house tests. 
The next stage in the test series was the testing of ply bracing panels to see how they 
would compare with the fibre cement sheet bracing panels. The deflections returned 
from the two sets of tests were almost identical. It could then be concluded that the 
behaviour of the fibre cement bracing is comparable to the ply bracing within the 
scope ofthis experiment where loads were restricted to working loads, and the house 
was not loaded to failure. 
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Figure 9.6 Diagonal elements now represent roofing, flooring and Bracing walls. 
9.2. 7 Exterior Cladding 
Following the bracing panel tests, the exterior cladding was added to the house. This 
was in the form of fibre cement weatherboards. They were nailed with two nails at 
every stud, and metal clips held the weatherboards in place at butted joints. The 
diaphragm action of this type of cladding would not be as strong as that of sheet 
cladding, but some bracing resistance was definitely added. Again the cladding was 
modelled on the computer by using diagonal bracing elements. The diagonal element 
which returned comparable deflections to the house tests was a much thinner strap 
than that used to model the ply ceiling. The strap used to model the effects of the 
exterior cladding was a 10 mm x 1 mm steel strap. 
The internal cladding was the next and final stage of the construction of the pole 
house. The Gyprock cladding was added to the wall framing inside of the house. 
Some of the interior walls such as the bathroom wall were already fully clad with 
fibre cement sheet bracing wall. The deflections for the final test on the full-scale 
experimental pole house were slightly reduced from the previous test where the 
external cladding had been added. The largest difference was 1. 8 mm with the 
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remainder of the reductions in deflection at eaves level ranging from 1.3 mm to 0.1 
mm. It seemed that even though plasterboard sheet had been added to the inside of 
the structure, the behavior under working load was not significantly different. The 
plaster board was not finished with plaster to cover the joints and cornices to the 
ceilings, Boughton (1983) found that the inclusion of the cornices added significant 
structural resistance to a building, even though they were attributed no strength in 
any design. The internal cladding was modelled using a diagonal strap with a section 
of 5 mm x 1 mm. This section gave deflection results which were close to the field 
test results. 
Deflections returned from both the computer model and the field tests were in the 
same order of magnitude and were very close in most cases. The object ofbeing able 
to predict the deflection behaviour of a full-scale pole house using a computer model 
was satisfied for the level of loading achieved in this test series. Figure 9.7 shows 
deflections of Pole 1 for the house tests and for the computer model. The Multiframe 
deflections are shown using the dashed lines on the graph. 
Pole 1 a.t 20 kN 
4500 ~ 
Actual 
Frame Model 
-....:::: Actual 
r:n 2250 Bracing 
Ol Model 
I 
Cladding Actual 
.. ·+ Model 
0~--------·~-------+--------~--------+-------~ 
0 10 20 30 40 50 
Deflection mm 
Figure 9.7 Comparison ofMultiframe Deflections and Field Test Deflections 
(Multiframe Results plotted as dashed line) 
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A comparison of the load deflection results for pole one in the computer model and 
the full-scale pole house is shown in Figures 9.8, 9.9, and 9.10. These figures show 
load deflection plots at test one, which was just the bare frame, test seven, which 
incorporated the bracing walls, and test 9, in which the finished house with the 
interior and exterior cladding was tested. All the plots show that for the level of 
loading achieved in the test series the computer model can effectively predict the 
deflection behaviour of the pole framed house. 
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Figure 9.8. Comparison of load deflection plots for the computer model and the full 
scale pole house. Test 1 was for the poles and frame alone. 
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Figure 9.10. Load deflection comparison for the house with internal cladding. 
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9.3 Further Tests using the Computer Model 
After calibration of the computer model using the field test results, the model can be 
used as a tool to evaluate structural reactions and sensitivity to variations in 
structural configuration. To this end, the model was used to study the behaviour of 
the pole house using the following listed different structural systems. The tests 
were:-
• Poles continuous without seats cut for bearers 
• Pole house on a slope 
• Pole platform house, i.e. poles ending at floor level and ordinary framing and 
bracing above that level. 
• Pinned bases for the poles 
While it is recognised that such an approach remains qualitative and semi-empirical, 
the process nevertheless is able to provide designers with valuable information in the 
initial design phase. 
9.3.1. Poles continuous without seats cut for bearers. 
The full-scale house constructed for the field tests used the common method of 
cutting a load bearing dap into the poles to mount the bearers and roof beams. 
(Figure 9. 11) This method reduces the section of the pole and so the strengh of the 
pole above the cut is essentially reduced to that of the smaller section. If the poles 
could be continued up past the floor beams without a reduction in area due to a cut, 
this may provide a reserve of stiffness and strength that would warrant investigating 
alternative methods of securing the bearers to the poles. 
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Figure 9.11 Pole dap at bearer connection 
At the bearer 
connection, the section 
for Pole A has been 
reduced by the cut for 
the load bearing "dap". 
Pole B is not reduced 
in section at the bearer 
connection 
The deflections returned from the model were not significantly different from those 
where the pole section above the floor was modelled as the reduced section. The 
Eaves deflection for the uncut pole varied from 6.1 mm to 7.5 mm and the deflection 
for the reduced section pole varied from 6.0 mm to 7.6 mm. Notches significantly 
reduce the strength of timber members, but have little effect on the stiffness, because 
the reduced stiffness is over a very small length compared to the length ofthe whole 
member. Also although the section is reduced at the connection, the interaction of 
the other structural elements in the pole house results in a load redistribution that 
minimises the effect of the reduced section. 
9.3.2. Pole house on a slope 
This was an interesting model as pole houses are essentially designed to take 
advantage of sloping ground, and it is the cost savings for the foundation system on a 
sloping block that is one of the real advantages of the pole frame system. The 
rotational spring method still applies as it is a function of the pole stiffness and soil 
stiffness, not pole length. 
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The deflections of a pole house on a sloping block are largely dependent on the 
strength of the shortest poles. Most of the load is taken by the short poles, as all the 
house has to deflect as one unit, then the cantilever deflection of the short poles must 
equal that of the longest poles. Therefore the ratio of the load taken by the short pole 
to that taken by the longest pole will be inversely proportional to the ratio of the 
lengths cubed. The model tested pole lengths such that the middle pole was left at 
2.1 m and the outside row of poles was increased by 1 m at the front and decreased 
by 1 mat the back. This equates to a slope of 1 in 3, well recognised as being suited 
to pole house construction. With this pole configuration the deflections were reduced 
at eaves level to almost half the deflection exhibited by the house on a flat 
foundation. Of course infinite slope scenarios are possible in real life, and this type 
of computer model will be very useful in predicting the range of deflections 
experienced by a pole construction on any given sloping site. Figure 9.12 shows the 
modelled house on a slope. 
Figure 9.12 Computer modelling of the house on a slope 
9.3.3. Pole platform house 
In a pole platform house the poles stop at floor level and a platform floor is 
constructed on top of the poles. A standard timber framed house is then built on the 
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platfonn. The design process usually uses poles for the bracing to the subfloor level 
and ordinary bracing is used above floor level. To represent this in the computer 
model the poles were pinned at floor level. In this way it was easy to see what the 
reaction of the house would be with only the designed bracing walls to resist the 
lateral load. 
The deflections of the house as a pole platform ranged from 7.9 mm to 9.6 mm at 
eaves level, which is about 2 mm more deflection than with the poles continuing 
through to the roof. The relative deflection of the floor to the eave is comparable 
with the full pole frame house, at about 3mm. The difference comes from the 
deflection from ground to floor level. The poles to a pole platform house are 
essentially pinned at the floor level. These would deflect in pure cantilever action 
whereas by continuing through the house, as in a full pole frame house, the poles 
gain some fixity. The fixity results in the pole displaying double curvature type 
deflection and the resulting floor level deflection is approximately half that of the 
pole platform house at working loads. To reduce the deflection at floor level of a 
pole platform house to the same level as a pole frame house, additional braced bays 
or bracing wall panels would have to be installed below floor level. 
9.3.4. Pinned bases for the poles 
The behaviour of the model of the pole platform house compared to the full pole 
frame house showed that the structure gained some extra rigidity when the poles are 
fixed at the floor level and continue through to the eaves level of the structure. For 
this model, the rotational spring factor was reduced to zero. This model was tried to 
see if the soil restraint made any significant contribution to resisting the lateral load. 
Once the bracing walls and internal and external cladding are in place, the house 
becomes a complete structural unit. If the poles are held at floor level and roof level 
by such a system, they would essentially be fixed at the house and so with the top 
half of the pole held rigid, the response of the pole to lateral loads may not depend so 
much on the method of restraint at the base of the pole. 
The deflections returned from the model in this configuration were quite high, 10 
mm more at the eaves level than for embedded poles. This confirms the need to 
brace poles with pinned bases even when the pole continues through the house to the 
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roof level. Even though the pole acquires some rigidity from being secured at the 
roof and floor of the house, poles with pinned bases still display more deflection than 
embedded poles, and bracing from ground level to floor level would be needed. 
Figure 9.13 depicts the two different pole base fixity conditions that occur in 
practice. The multiframe model used a spring restraint at the pole base for the 
embedded pole as explained earlier and a pin restraint for the base of the pinned 
pole. 
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Figure 9.14 Comparison ofthe deflections returned from the computer model for the 
different structural configurations of pole construction. 
The comparison of deflections for each results from the computer model are shown 
in Figure 9.14, which shows the deflections at eaves level returned by the computer 
model for each of the different structural configurations. The trend follows that 
intuitive to a practised design engineer, i.e. short, stiffer poles display Jess deflection. 
The least deflection was shown by the pole house on a slope, at 4. 7 mm, followed by 
the pole frame house model that returned 7.6 mm. The pole platform house exhibited 
9.6mm deflection at eaves level for 20 kN total load, and the model with pinned pole 
bases showed 17.3 mm eaves deflection. 
9.3.5 Computer Model Adaptability 
The thesis has so far provided details and development of a computer model that has 
the capability of being able to be adapted to account for most engineering 
parameters. This section gives an insight into how the model can be easily adapted to 
provide the designer with an insight into structural response. The model is not 
intended to provide a complete engineering solution and has the function of 
providing the design engineer with as tool for evaluating different design 
approaches. 
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The computer model was used to investigate the effect of changing some of the 
important model parameters on the pole house deflections. The input parameters that 
were changed were, soil stiffness, degree of slope of the site, and pole diameter 
(Table 9.1). The effects of changing input were noted on both a pole platfonn 
configuration and the pole house configuration. 
9.4 Sensitivity Analysis 
A sensitivity analysis with respect to variation of model output with member 
stiffness was carried out. This was undertaken to justify the approach of using 
average values for the stiffness of the structural members, instead of using 
individually measured values. A series of computer runs were performed in which a 
range of values was input to see how the output would vary. The effects of soil 
stiffness and slope were also studied. 
Soil Stiffness 
The soil stiffness was altered by assigning different values to the spring constant on 
the rotational springs at the base of the poles in the computer model. The spring 
constants were changed to represent soil stiffness varying from very weak to very 
stiff This type of terminology is commonly used by Geotechnical Engineers as a 
qualitative evaluation of a soil's potential strength. The spring constants were 
obtained by using the undrained shear strength (Cu) value for clay soil in the 
relevant stiffness category. Soil tests carried out on the Carseldine test site showed 
that the soil was a stiff clay. This conclusion was reached after the initial soil 
investigation of the test site, refer Chapter 3, Table 3.5. The corresponding spring 
constant in the calibrated computer model was 3000 kNm/rad. This indicates that the 
value of the spring constant for the rotational spring modelling the soil behaviour 
should be twenty times the value of the undrained shear strength. Undrained shear 
strength (Cu) values for soft, firm and stiff clay are given as 50 kPa, 75 kPa, and 150 
kPa, so the spring constant in the model was adjusted in the same proportion as these 
values. This method would be refined utilising the soil database referred to in 
Chapter 3. 
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Pole Stiffness 
The average value of the short term Modulus of Elasticity (E value) for the poles 
used in the house construction was 15030 MPa. The E value for a pole of strength 
grade S6 is given as 12000 MPa, and this would be the value that a designer would 
likely use in the computer model, as testing each pole and finding the average E 
value is out of the question in a normal construction situation. A range of E values 
from 12000MPa to 15000MPa was used in the computer model to evaluate how the 
deflection results would differ. The eaves deflections for the completed house at 
working load changed from 7.0mm to 7.4mm for a corresponding change in E value 
from 15000Mpa to 12000Mpa. Thus a change of input stiffness values of 20% 
results in only a 6% variation in deflection results returned by the model. This result 
justifies the approach of using average values for the stiffness of the structural 
members in the computer model. 
Another structural variation that was explored was the use of stiffer members for the 
shortest row of poles. The deflection of a pole house on a slope is dependent on the 
stiffness of the shortest poles, as all the poles are constrained to deflect together by 
the connections between them the deflection is determined by the stiffness of the 
shortest poles. The stiffness of the longer poles would not be increased so 
dramatically as the stiffness is a function of the length, and so for this exercise, only 
the stiffness of the short poles was increased. This was done by increasing the 
diameter of the pole used in the computer model from 230 mm to 300 mm. This is 
still a common size from a practical point of view, and by only increasing the size of 
poles in the short row, it would be a cheaper option than using larger diameter poles 
throughout the structure. 
Slope 
The model was also changed by varying the slope of the ground. Four different 
slopes were used, 18 °, 14 °, 9 °, and 0 ° or flat ground. 
9.4.1 Comments 
As expected, the results showed that as the soil stiffness increased the deflection at 
the eaves was reduced. The effect of soil stiffness increase was more noticeable as 
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the slope reduced. The pole platform model on level ground had the eaves deflection 
reduce from 22 mm for very soft soil to 6.5 mm for very stiff soil. The same model 
with a ground slope of 18 ° showed a deflection of 12.6 mm on very soft soil, which 
reduced to 3.4 mm for a very stiff soil. 
The effect of increasing the pole diameter to increase the stiffness of the shorter 
poles also showed reduced deflections. The deflection differences returned by the 
model were small and in no case was the deflection difference greater than 1 mm 
between the computer model with the stiffer poles and the computer model with the 
standard poles. The pole platform models showed the most sensitivity to this change, 
The deflection difference for the pole platform model when the pole stiffness was 
increased was typically around twice the difference shown in the model with 
continuous poles. 
As expected, in all cases the deflection for the pole platform houses were larger than 
the deflections for the continuous pole frame models. As the soil stiffness increased 
the effect of increasing the pole stiffness for the pole platform house reduced the 
eaves deflections to below that for a pole frame house with the smaller poles. This 
suggests that for sites with soils in the stiff to very stiff range, a pole platform 
construction with 300mm diameter poles would display comparable levels of eaves 
deflection to those shown by a full pole frame house with smaller poles. 
As the soil stiffness increases the pole cantilever deflection becomes the mam 
deflection vehicle for the structure. Deflection due to pole rotation is reduced with 
increasing soil stiffness. This is similar to the effect of increasing the embedment 
depth as discussed in Chapter 4 Section 4.8. 
Changing the values for the parameters for soil stiffness in the computer model 
allows the designer to see the effect of soil stiffness on the different structural 
systems, and to compare the deflection behaviour of pole platform construction with 
that of pole frame construction. The effect of a soil reducing in stiffness from a stiff 
clay say to a medium clay due to water ingress over an extensive wet season for 
example, could also be modelled using this method. 
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Soil Type Slope Pole Diameter Structure type 
Very Soft 18 ° 230mm Pole Platform 
Soft 14 ° 
Firm 90 and and 
Stiff oo 
Very Stiff 300mm Full Pole Frame 
Table 9.1 The Range ofParameters used in the Computer Model 
9.5 Design Decisions Aided by the Use of the Computer Model. 
Prior to the construction of a pole house, a soil test would normally be performed. 
Armed with the information regarding the site characteristics, such as soil type and 
slope of the site, a designer can use the model to refine some decisions about the 
structural design. For example, on a site with soft soil and a slope of 9°, a pole 
platform house with 230 mm diameter pole would exhibit an eaves deflection under 
working load of nearly 10 mm. This would be reduced to 6 mm if the designer 
continued the poles through to support the roof (Figure 9.17) This then brings the 
eaves deflection back from the commonly used limit for architectural structures (as 
opposed to industrial structures) of height I 500. For a pole house with 2700 mm to 
floor level and 2400 mm ceilings, the height to eaves level is 5100 mm, so the 
deflection limit would be approximately 10 mm. 
A similar example would be a steeply sloping ( 18 °) site with very soft soil, where a 
designer intent on building a pole platfonn construction would not gain much benefit 
by increasing the pole size from 230 diameter to 300 mm diameter, but changing to a 
pole house construction would reduce the eaves deflection markedly, from around 
12mm to about 7mm, a 42% reduction. (Figure 9.16) 
On a level building site in a firm soil, a designer could expect similar eaves 
deflections from a pole platform house using 300 diameter poles, and a full pole 
frame house, using 230mm diameter poles. (Figure 9.15) The final decision on 
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construction type may be made considering the material cost or aesthetic appeal 
confident in the knowledge that the two structural options will exhibit similar 
deflection behaviour. 
Eaves Deftection vs Soil Stiffness (0 Slope) 
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Figure 9.15 Eaves deflections for different soil stiffnesses. 
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Figure 9.17 Eaves deflection at 9 ° slope 
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9.6 Summary 
In this chapter the development and verification of a computer model has been 
explained. In the initial stages the computer model involved predicting the behaviour 
of a laterally loaded pole embedded in the ground by using springs to model the soil 
response. The low loads involved and the virtual absence of deflection at the 
groundline allowed the introduction of a single rotational spring at ground level to 
replace the several variable stiffness springs which modelled the soil. Comparison 
between the rotational spring model and individual pole tests indicated that the 
model was acceptable for use in the overall pole house model. 
Individual poles, beams, rafters, and joists in the framework of the house were 
assigned averaged values of the properties of the member set for inclusion in the 
computer model. The diaphragms of the roof, floor, and bracing walls were modelled 
using diagonal elements. These diagonal elements were varied in stiffness in order to 
calibrate the model to represent the behaviour of the full-scale house. The internal 
and external cladding was also included using diagonal elements in the computer 
model. The model was able to satisfactorily produce deflection data comparable to 
those returned froni the full-scale tests. Development of the model highlighted some 
of the real life behaviour of the pole house. The model was then used to predict the 
behaviour of different structural configurations of pole house construction. 
Changing the parameters of soil type, pole stiffness, pole diameter and structure type 
in the computer model illustrated the range of deflection results that could be 
expected in a full scale pole house. Designers could use the model to gain an insight 
into the deflection behaviour of different structural types and configurations. The 
information about deflection returned by the model could assist designers in their 
choice of parameters which could influence the final structural design. 
The results returned by the computer model indicate that in soft soils, full pole frame 
structures have markedly less eaves deflection than pole platform structures. As soil 
stiffness increases, the difference in eaves deflection between the two types of pole 
structure reduces. The pole platform structure always deflects more than the full pole 
frame structure. The use of large diameter poles in the pole frame structure reduces 
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the eaves deflection to the same level of that of a pole frame structure with smaller 
diameter poles. 
As the slope of a site increases, the connectivity between the elements of a pole 
structure ensures that the deflection of the structure is constrained to the level of the 
deflection of the shortest poles. The deflections returned by the computer model 
indicated that as the slope increased and the length of the shortest poles decreased, 
the eaves deflections of the structure were reduced. 
A sensitivity analysis performed on the computer model justified the approach of 
using average values for stiffness for the structural members. 
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Chapter 10. Use of the Computer Model for Qualitative 
Evaluation of Structural Behaviour. 
A designer embarking on the construction of a pole house would undertake the 
design process following the procedure outlined below. The procedure is initially 
presented in point form, then each ofthe steps is expanded and explained in Section 
1 0.2, with reference back to the relevant section(s) of the text of this thesis. 
10.1 Design Summary 
Step 1. Determine site conditions, soil type, slope, terrain category and wind speed. 
(Chapter 3.6) 
Step 2. Decide on house type, pole platform or pole frame, and house size for wind 
loading. Determine pole type. (Chapter 2.2) 
Step 3. Determine embedment depth. Use Broms method. (Chapter 4.4) 
(Recommend using concrete backfill to poles) (Chapter 4.6) 
Step 4. Establish acceptable deflection limits. 
Step 5. Use TRADAC Manuals for initial design, i.e. size main framing elements, 
and indicate the amount ofbracing required for a standard house. (Chapter 5.2.) 
Step 6. Assemble the computer model, using the main framing elements, poles, soil 
springs, and diagonal elements for the diaphragms of the bracing walls, floor and 
roof 
Step 7. Use the average properties of the strength t,rroup for each member set as input 
to the computer model. (Chapter 3.5) 
Step 8. Apply wind loads to the model, by using the contributory area method for 
loading the main framing members. (Chapter 5.2) 
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Step 9. Check the deflections returned by the model, and accept or reject the design. 
Step 10. Refine the design by iterating back to Step 2, 3, or 4 as appropriate. 
10.2 Design Details 
Step 1. Determine site conditions, soil type, slope, and terrain category (Chapter 
3.6) 
Before the modelling process begins the site needs to be assessed and the soil 
conditions investigated. The terrain category and the region with regard to the wind 
speed have to be ascertained. 
The slope of the site will have a significant impact on the desi!:,>n of the structure, and 
decisions whether to build on the natural ground or to perform some cut or fill before 
commencing the house proper will have to be made. 
For this project, for example, the site was level, and the soil conditions were assessed 
as a medium clay. 
Step 2. Decide on house type, pole platform or pole frame, and house size and wind 
speed for wind loading. Determine pole type. (Chapter 2.2) 
The height and number of storeys on the completed structure will have an influence 
on the deflection limits and these will have to be considered. The empirical 
"height/150" rule can be used as an initial estimation for deflection limits. Deciding 
on Pole frame or pole platform construction will influence decisions on pole type, 
wall layout and framing requirements. 
The pole stiffness will be the next important decision, with the main option being 
whether to use hardwood poles or treated softwood poles. This will depend on 
personal preference, the availability of poles and also the budget for the construction. 
For this project, the poles used were treated softwood poles and the st~ength category 
was S6. 
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Step 3. Determine embedment depth. Use Broms method. (Chapter 4.4) 
The embedment depth of the poles can be found usmg the Broms method of 
embedment depth design, after decisions of building type and size have been made, 
and the site soil conditions and the wind speed are known. 
Poles can be modelled as the average value of the pole structural class. The results of 
the computer model will still portray the relative behaviour of the house and 
differences in bracing panel positions and types can be demonstrated. 
Step 4. Establish deflection limits, and size main framing elements. (use TRADAC 
Timber Framing manuals) (Chapter 5.2) · 
In most cases, structural framing members can be sized quickly using the TRADAC 
Timber Framing Manual, but for more complex loading conditions some engineering 
input may be required. Commonly specified and available structural grades are F14 
for unseasoned timber in exterior applications, and F17, and F27 seasoned timber for 
interior applications. The timber used in the main structural framing members in this 
project was designated as F14, and the timber used for the wall framing was F8. 
A model which uses the individual values of stiffness for each of the structural 
members would be cumbersome, unwieldy, and overly complicated. For this project, 
and for designers to gain an idea of how a particular structure will behave, it is 
considered sufficient to use the average values of the timber member group to 
represent each individual member. The testing, tabulating, and collating of such data 
is recognised as being beyond the means or the intentions of each designer. It is 
considered adequate to use the properties of the representative stress grade of each of 
the timber members as input to the model. That is to say that if rafters for example 
are called up as F14, then instead of rigorously and painstakingly testing each rafter, 
it is deemed sufficient for the purposes of this model to assume that the standard 
properties of the F 14 timber stress grade can be applied to each rafter in the model. 
This approach was verified in Chapter 9.4. 
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Step 5. Use TRADAC Manuals to indicate the amount of bracing required for a 
standard house. 
The TRADAC manual can be used to indicate the amount of bracing required in a 
standard type of house and this could be used as a starting point for the bracing 
required in the pole house. The amount of bracing indicated can be distributed 
through the model, and the deflections returned by the model can then be assessed. 
Any changes or variations to the bracing layout can be quickly and easily tried to 
observe the impact of the change on the overall deflection behaviour of the pole 
house. 
The floor and ceiling diaphragm spread the load that is incident on the windward 
surfaces of the house structure and spread it through the house to the bracing walls 
and finally down to ground. 
These diaphrat,rms are stiff and the continuous framing members ensure that 
deflection is not a problem in these large flat diaphragms. When assigning diagonal 
strap members to represent these diaphragms the 50mm steel strapping was the 
chosen model. This is detailed in Chapter 9.2. 
Step 6. Assemble the computer model, using the main framing elements, poles, soil 
springs, and diagonal elements for the diaphragms of the bracing walls, floor and 
roof. 
The bracing walls (plywood, fibrecement sheeting, and metal strap) are modelled 
using the 50mm x lmm steel strapping also, placed as crossed diagonal members to 
represent the panel of bracing. This method was used successfully by Gebremedhin 
(1992 ), Moore (1996 ), and Heldt (1997). 
The addition of the exterior cladding and the interior cladding undoubtedly has a 
contributory effect on the stiffness and the resistance to deflection of the entire 
structure. The stiffer diaphragms of the bracing walls make the most observable 
changes to the deflection behaviour because they are added to an essentially 
unstiffened structure. The resulting reduction in the deflection behaviour is the most 
155 
marked. Further addition of stiff diaphragms such as the cladding, will add to the 
stiffness of the entire structure but will not be as easily observed , because the main 
contributor to the stiffness of the structure, i.e. the bracing wails, are already present. 
The cladding on the computer model can be simulated using steel diagonal straps, 
thinner that those used to model the bracing wails. Nevertheless, these additional 
straps do have an effect on the total bracing capacity of the model structure, and this 
is observed in the full size structure. 
Step 7. Use the average properties of the strength group for each member set as 
input to the computer model. (Chapter 3.5) 
For diagonal Elements use the foiiowing diagonal elements:-
Floor and RoofDiaphragms:- Crossed Steel Straps 50mm x 1 mm (Chapter 9.2.3) 
Bracing walls :- Crossed Steel Straps 50 x 1 mm 
Exterior cladding (Chapter 9.2. 7):- Crossed Steel Straps 20 x 1 mm 
Interior cladding :- Crossed Steel Straps 10 x 1 mm 
Step 8. Apply wind loads to the model, by using the contributory area method for 
loading the main framing members. (Chapter 5.2) 
The wind forces incident on the walls can be ascertained using the wind coefficients 
and the contributory area of wall. The deflection wili be measured and most apparent 
at floor and eaves level as the wind forces can be applied at floor level and eaves 
level in proportion to the contributory area of wall that applies to each pole. The 
deflection limit that applies to each pole at each level can be found using the rule of 
thumb method of Height I 150, or any other reasonable deflection limit that a 
particular designer wished to apply. 
Steps 9 &10. Check the deflections returned by the model, and refine the design. 
Refine the design by changing the relevant parameters, such as amount and position 
of bracing diaphragms, pole strength grade, and pole diameter. The slope of the 
ground (if repositioning the building is a viable option) can also be modified until the 
deflection behaviour of the model is in agreement with the desired behaviour of the 
structure. (Chapter 9.3) 
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The distribution and the length of bracing wall( s) in each direction can be varied to 
improve the deflection behaviour of the model, thus indicating the bracing 
requirements of the whole house. The position, length and placement of the bracing 
panels relative to the poles can be changed in the model, and the subsequent changes 
in deflection behaviour of the whole house can be ascertained easily and quickly 
through the computer model. The design of the house can then be completed 
confident in the knowledge that the deflection behaviour of the whole structure when 
subjected to the design wind loads has been analysed and successfully tailored to suit 
the specific design needs of the structure, in each individual case. 
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Chapter 11. Conclusions 
The conclusions from this research project will be in three parts, those dealing with the 
pole embedment, those dealing with the pole house testing, and conclusions related to 
the computer modelling. 
11.1 Pole Embedment. 
The pole embedment part of the project investigated the different types of backfill used 
in pole house construction and tested each of three types of backfill at four different 
depths. As expected it was found that poles rotate more as the medium transferring the 
load from the pole to the general soil matrix get softer (reduces in shear strength). Of 
particular interest was that the widely used method of backfilling with decomposed 
granite was the least successful. Repeated lateral wind loading would cause a loosening 
of the pole in the embedment socket. The use of decomposed granite as backfill should 
be discontinued or at least have minimum compaction specifications set to ensure some 
minimal level of resistance. 
Although it is generally accepted that the top soil layers contribute little to lateral 
restraint it was found that even the shallow embedded poles possessed reasonable lateral 
rotational resistance. In all cases the deflection of the pole was reduced as the depth of 
embedment increased. For the decomposed granite the deflection reduced from 38 mm 
to 13 mm. The pole tip deflection for the composite backfill reduced from 16 mm to 12 
mm as the depth of embedment increased. In the case of concrete backfilled poles 
deflection reduced from 9 mm to 6 mm at pole tip, as the depth increased from 1200 mm 
to 1800 mm. Increasing the embedment depth to 2.1 m did not reduce the pole deflection 
at the desib:rn load of 3 kN, although the pole with increased embedment depth did 
display reduced deflections at higher loads. 
There is wide variation in the values offered by the different theoretical methods for 
calculation of Ultimate load on an embedded pole. This is especially true when the 
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embedded length to diameter ratio (Lid) is less than 4. Pole house foundations 
frequently occur within this range of embedment depth to diameter ratio. 
The Broms method of embedment depth calculation ie,>nores the initial 1.5 pile 
diameters, and assumes that passive resistance is constant at 9cu. The method returns an 
embedment depth which provides the required soil restraint to resist the load applied. 
The on site pole loading tests returned pole deflections at a particular load for the 
different depths and backfill types. At a load of 3 kN the Broms method of calculation 
returned a required pole depth of I .8 m. The tip deflection of the pole is in the 
acceptable "rule of thumb" range ofh/300. 
The 1.8 m depth would seem to be the best option for embedment depth, as the criteria 
of strength and deflection are both satisfied. Using the Broms method of embedment 
depth design, the deflection criteria are also satisfied. The result from the embedment 
depth calculation is very dependent upon the soil characteristic lateral stress properties 
assumed from the design tables. 
The type of pole embedment selected for subsequent use in construction of the pole 
house was 1800 mm embedment depth with full concrete backfill. This depth of 
embedment showed limited pole deflection at the full design load proposed for use. The 
concrete backfill was also found to be the easiest and quickest to place during 
construction. The use of the pencil type vibrator ensured quick and effective 
compaction. 
11. 1. 1 Modelling Pole Embedment 
The initial method used to model the true behavior of poles subject to lateral loads was a 
series of variable stiffness springs representing soil variation with depth. Spring stiffness 
could be varied to allow for many parameter effects such as soil wetting, the effects of 
surface disturbance and even the effect of restraining concrete slabs at the soil surface. 
This model was able to explain the load deflection behaviour of the poles very well, but 
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was unnecessarily complex for general pole house modeling. To simplifY the general 
house model, pole embedment was subsequently modelled using a rotational spring at 
the base of each pole. Comparison between the results of the pole tests and those 
returned by the computer model using the rotational spring proved this method adequate 
to describe the soil-pole interaction and enabled good model calibration for the later full 
house testing. The spring stiffnesses used in the model to represent soft, medium and 
stiff soils, were twenty times the corresponding undrained shear strength (Cu) value. Cu 
values for soft, medium and firm clay are given as 50 kPa, 75 kPa and 150 kPa. Spring 
constants used were 1000 kNm/rad, 1500 kNm/rad, and 3000 kNm/rad respectively. 
11.2 Pole House Testing 
A full scale pole frame house was constructed and tested in vanous stages of 
construction to determine the contributions of the structural elements to the rigidity of 
the building. The following conclusions can be drawn. 
Pole movement at ground level was negligible, although some rotation of the pole in 
,ground was present which precluded modelling the poles as fixed at the base. This was 
subsequently solved by using springs at the base of the poles. 
The attachment of the ply ceiling diaphragm constrained the poles to move together and 
distributed the applied load to all of the attached poles. In the latter part of the test 
series, the roof diaphragm was effective in transferring load to the bracing walls within 
the building. 
The stiffness of the house increased as more structural elements were attached to it 
during the construction process The addition of bracing walls resulted in the most 
dramatic increase in the stiffness of the building. The averaged eaves deflections for the 
poles indicated a 71% reduction compared to test 1 after the bracing walls were 
attached. 
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The external cladding and internal cladding definitely contributed to the stiffness of the 
building. The average eaves deflection of the front row of poles in Test 1 was 41.5mm. 
After the external cladding was fitted the average front row eaves deflection was 7 mm. 
The eaves deflections indicated a reduction of 82% compared to the deflection of the 
frame in Test 1 after the external cladding was fixed to the house. Test 9 conducted after 
the fixing of the internal cladding, showed an average front row eaves deflection of 
6mm. This corresponds to an 85% reduction in eaves deflection compared with Test 1. 
11.3 Computer Modelling 
A computer model was developed, using the commercially available structural analysis 
package, "Multi Frame." This model was able to be calibrated to reproduce the 
deflection results obtained from the field tests. It was then used to investigate the 
deflection behaviour ofthe pole house using different structural configurations. 
The computer modelling showed that the presence of the poles above the floor level in 
the house did not contribute to the stiffness of the house above the floor level, so the 
interaction of the poles with the bracing walls was not as important as was first 
suspected. The difference and the advantage that full pole frame houses have over pole 
platform houses (where the poles stop at floor level) is that the poles in the full pole 
frame house gain some fixity by being fastened at the floor level and at the eaves level. 
The deflection at the floor level is reduced by the fact that the pole is constrained to 
deflect in double curvature rather than straight cantilever deflection as is the case for 
pole platform houses. 
The computer model progressed through the different stages of construction and testing 
of the full scale pole house. The diagonal elements in the model which represented the 
diaphragms of the roof, floor, bracing walls and internal and external cladding were 
varied in stiffness in order to calibrate the model to represent the behaviour of the full 
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scale house. The model was able to satisfactorily produce deflection data comparable to 
those returned from the full scale tests. For example, Test leaves deflection at 20 kN 
was 41 mm in the field test, and the model result was 43 mm. In Test 8, the respective 
eaves deflections were 7.2 mm in the field and 7.3 mm for the computer model. 
Diaphragms and bracing walls in the computer model were successfully represented by 
the use of diagonal steel straps. It was found that two straps, 50mm x 1 mm crossing 
diagonally from the corners of a panel in the computer model returned deflections 
similar to those returned by the full scale testing. The interior and exterior cladding was 
also modelled using steel straps. The thickness of the straps was 20mm x 1 mm for 
exterior cladding and 1 Omm x 1 mm for interior cladding. 
Development of the model highlighted some of the real life behaviour of the pole house. 
The model was then used to predict the behaviour of different structural configurations 
of pole house construction. 
The results returned by the computer model indicate that in soft soils, full pole frame 
structures have markedly less eaves deflection than pole platfonn structures. As soil 
stiffness increases, the difference in eaves deflection between the two types of pole 
structure reduces. The pole platfonn structure always deflects more than the full pole 
frame structure. The use of large diameter poles in the pole platfonn structure reduces 
the eaves deflection to the same level of that of a pole frame structure with smaller 
diameter poles. 
As the slope of a site increases, the connectivity between the elements of a pole structure 
ensures that the deflection of the structure is constrained to the level of the deflection of 
the shortest poles. As expected, the deflections returned by the computer model 
indicated that as the slope increased and the length of the shortest poles decreased, the 
eaves deflections of the structure were reduced. The results from the model showed that 
for a firm soil, the eaves deflection for a pole house on an 18° slope was 5 mm 
compared to 7.5 mm deflection for a pole house on a 9° slope. 
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The ·configurations modelled and a brief conclusion for each appear below. 
• Poles continuous with no cut in seat for bearer. 
The full-scale house constructed for the field tests used the common method of cutting a 
load bearing dap into the poles to mount the bearers and roof beams. This method 
reduces the section of the pole and so the bending capacity of the pole above the cut is 
essentially reduced to that of the smaller section. The deflections returned from the 
model were not si!:,rnificantly different from those where the pole section above the floor 
was modelled as the reduced section. The eaves deflection for the uncut pole varied 
from 6.1 mm to 7.5 mm and the deflection for the reduced section pole varied from 6.0 
mm to 7.6 mm. This shows that although the section is reduced at the connection the 
interaction of the other structural elements in the pole house results in a load 
redistribution that negates the effect of the reduced section. 
• Pole house on a slope. 
The model could be useful in predicting the range of deflections experienced by pole 
houses on any given sloping site. The model tested pole lengths such that the middle 
pole was left at 2.1 m and the outside row of poles was increased by 1 m at the front and 
decreased by 1 m at the back. This equates to a slope of 1 in 3, well suited to pole house 
construction. With this pole configuration the deflections were reduced at eaves level to 
almost halfthe deflection exhibited by the house on a flat foundation (4.9mm compared 
to 9.6 mm). Of course infinite slope scenarios are possible in real life, and this type of 
computer model will be very useful in predicting the range of deflections experienced 
by a pole construction on any given sloping site. 
• Pole platform house. 
The deflections returned by the pole platform house model were approximately 2mm 
more at the eaves than the deflections of the pole frame model, where the poles 
continued through to the roof (eaves deflection averaged 8. 8 mm compared to 7 mm for 
the pole framed house). The relative deflection from floor to eaves was comparable in 
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each model. The larger overall deflection values are due to the deflection of the structure 
from ground level to floor level. The poles in a pole platform house are essentially 
pinned at floor level. These would deflect in cantilever action whereas by continuing 
through the house, as in a pole frame house, the poles gain some fixity. This additional 
fixity results in the poles displaying double curvature type deflection, and the floor level 
deflections are about half those of the pole platform house at working load levels. Lower 
storey deflections govern this configuration. 
• Pinned bases for poles. 
The deflections returned from the model in this configuration were quite high, 10 mm 
more at the eaves level than for embedded poles (17.8 mm compared with 7.8 mm). This 
confirms the need to brace poles with pinned bases even when the pole continues 
through the house to the roof level. Even though the pole acquires some rigidity from 
being secured at the roof and floor of the house, poles with pinned bases still display 
more deflection than embedded poles, and bracing from !:,'TOund level to floor level 
would be needed. 
The spring constant for the rotational springs used in the computer model to model the 
soil behaviour could be set at a value corresponding to twenty times the undrained shear 
strength, Cu. (k=20Cu). 
11.4 Recommendations for Further Study 
This project investigated the behaviour of a pole house when subjected to lateral wind 
loads. The load applied corresponded to the design load for a pole frame house in a 
Terrain category Three, Region B area in accordance with the wind Code, AS 1170.2. 
The establishment and expansion of a soil type data base referred to in Chapter 4 would 
be of significant importance. Such a resource would allow the qualitative connection 
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between soil stiffness and spring stiffness in the computer model to be quantified. A 
more robust model for soil conditions could also be developed, to allow for unbound 
materials. 
The scope of the experiment was such that the construction of the house proceeded to a 
certain level, then load was applied to the structure and the deflection behaviour was 
observed and noted. The house construction then proceeded to the next stage where it 
was again tested. This staged construction and testing procedure meant that the house 
could not suffer any permanent deformation at any stage of the testing that would affect 
future testing. It would have been useful to have been able to test the house to 
destruction, and to identify which elements failed and where the weaknesses in the 
house were, and to realise the level ofloading that a normally designed pole house could 
withstand. 
It would also have been beneficial to have had the resources for many more deflection 
transducers, to monitor deflections at other areas on the structure, under the bracing 
walls for example and at the sides of the roof and floor to check on any rotation that may 
have occurred about the centre pole. 
The test building was only loaded in one direction, the full-scale model pole house could 
be loaded perpendicular to the ridge using loading points fixed to the structurally rated 
reaction floor. While it may have been possible to construct anchor points from which to 
apply the load in the direction parallel to the ridge, constraints due to budget and time 
were a limiting factor. 
Where a number of diaphragms act in parallel, as is the case with the bracing walls and 
the internal and external cladding, the first diaphragm installed can appear to have the 
largest incremental effect. Each diaphragm added would have prof:,rressively less impact 
on the overall deflection of the structure. A better understanding of the effect of each 
individual diaphragm would come from testing each in isolation. Such testing was 
beyond the scope ofthis thesis. 
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Vibration has been known to be the cause of problems in pole frame houses. The 
opportunity exists now that the test house has been constructed for a series of tests 
investigating the vibration problems associated with pole frame houses. As vibration is a 
function of natural frequency, which is directly related to mass and stiffness, the 
information presented in this thesis can be used to determine mass and stiffness values 
which could then be used to make predictions about the vibration performance in pole 
houses. 
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House Construction. 
The house was constructed in the following stages, and a description of the 
particular methods and problems encountered at each stage will be provided in this 
chapter. 
• Poles and frame erected . 
• Ply ceiling fixed . 
• Roof sheeting attached . 
• Ridge cap added . 
• Flooring installed . 
• Fibre cement sheet bracing panels installed 
• Plywood sheet bracing panels installed . 
• Exterior cladding fixed . 
• Interior cladding fixed . 
Pole Installation and Frame Erection. 
The poles were installed first. The poles were installed into pre-drilled holes, 2 m 
deep and 450 mm in diameter. There was a set no-fines concrete plug 200 mm thick 
at the bottom of each hole, so the embedded length of the pole was 1. 8 m. The poles 
were backfilled with N20 concrete that was placed as described in chapter 4. The 
poles were braced in the correct position, this was done by nailing timber bracing 
between the poles while the concrete set. The braces were removed two days after 
the pouring of the concrete. Plate 1 shows a crane lifting one of the poles into place, 
and plate 2 shows the pole bracing and concrete backfill being placed. 
After leaving a total of 30 days to allow full concrete strength to be attained the 
poles were then tested twice. Initial testing involved applying a horizontal lateral 
load at a height of 2100 mm. The second stage of testing applied an equal lateral 
load at 2100 mm and 4500 mm, using the load spreader assembly that would be used 
throughout the remainder of the house testing programme. 
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After these tests were completed, house construction began in earnest! The first task 
was to cut seats into the poles to fit the floor bearers. The depth of cut was 50 mm, 
and although this reduces the strength of the pole above the cut, it is a common way 
of fitting the bearers to the poles (NAFI 1989). These were cut with a power saw 
and then the slots were cleaned out with hammer and chisel. The floor bearers were 
lifted into position and clamped in place. Holes were bored through the bearer and 
the pole to suit 16 mm diameter bolts that held the bearers securely in place. Two 16 
mm diameter bolts were used at each location where the bearers were fixed to the 
poles. These bolts are a specially made bolt for pole house builders, they are 
galvanised and are threaded at each end, rather than having a bolt head at one end 
and the thread at the other. 
Once the three main floor bearers had been erected, the joists were placed across the 
bearers and skew nailed in position. Ply wood sheets were then laid on top of the 
joists to provide a working platform. The joists were later connected to the bearers 
with triple grips at every second joist. This connection provided sufficient tie down 
capacity for the floor-to-bearer load path. 
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Plate 1 Lifting one of the poles into position. 
Plate 2 Instalhng the concrete backfill to the poles. 
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The roof bearers were then erected in the same fashion as used for the floor bearers. 
The slots were cut in the poles at the required height and the bearers were lifted into 
position using a chain block hanging from a custom built lifting rig which attached 
to the top of the poles. Once again the bearers were clamped into position and holes 
were drilled through for the 16 mm bolts. 
The rafters were then cut to size and put into position on top of the roof beams. The 
rafters had to be specially cut, with a seat sawn into them at the positions where they 
sat on top of the bearers. Also a "birdsmouth" had to be sawn in to allow for the 
positioning of the top plate of the wall. Rafters were nominally positioned at 900 
mm centres, but this exact spacing was impossible as the centre rafter would have 
fallen in the same place as the supporting poles. The rafters therefore had to be 
offset to allow for this, while still ensuring reasonably even spacing. 
After the rafters were set in place they were skew nailed to hold them in position, 
then two triple grips were nailed on at each end of each rafter. This proved quite 
difficult, as the timber of the rafters was very hard. After attachment of the rafters 
the frame was ready for the first test in the series. This entailed loading the bare 
timber frame with the load intended to be applied to the whole house, to model the 
wind incident on the completed structure. The frame's response was monitored and 
recorded in the form of deflection movement due to this load. This would form the 
base line for all future tests, as it was implicitly obvious that as more material was 
added during the construction, the deflection of the house would continually reduce. 
The testing procedure has been described in detail in Chapter 6, and the results are 
discussed in Chapter 9. Plate 3 shows the poles standing after the concrete backfill 
has cured and Plate 4 shows the main structural framing, floor bearers, roof beams, 
joists, and rafters in place. 
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Plate 3. Poles standing after the concrete backfill has cured. 
Plate 4. The structural framing completed 
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Ply Ceiling fixed. 
Exposed rafters are a common feature in pole frame houses, as they display the 
timber in the rafters rather than cover them with a flat plasterboard ceiling. It was 
decided to have exposed rafters and a raking ceiling in the experimental pole house 
to try to incorporate as many of the typical features as possible. The job of the 
ceiling is to transfer forces that are incident on the wall through to end walls, or any 
internal bracing walls. The ceiling has to be capable of transferring the forces 
through to the walls. This usually occurs by diaphragm action. Wind load on the 
incident wall is shed to the top plate, and from here the load is transferred to the 
ceiling diaphragm by the rafters. The ceiling diaphragm then sheds the load to the 
perpendicular bracing walls. Load then goes to the bottom of the walls, where the 
connections resist lateral load and overturning forces arising from the moment 
equivalent to the load applied multiplied by the height of the wall. The moment is 
carried in bending by the floor beams, to which all the bracing walls are securely 
attached. The floor beams are securely bolted to the poles, so the load is then 
transferred to the poles and carried to ground in cantilever bending. 
The ceiling diaphragm comprises the rafters, the ply, and the battens. The ply was 
laid across the top of the rafters and nailed onto the rafters using 30mm x 2.8 mm 
galvanised ring shank connector nails, spaced at 150 mm around the edges of the ply 
sheets and at 300 mm maximum spacing in the interior of the sheets. 
The 38 x 74 mm F14 CCA treated hardwood battens were laid on top of the 
plywood, and fastened to the rafters below using battens screws. The ply was then 
nailed from below up into the battens, using nails as before with 150 mm spacing at 
the edges of the sheets and 250 mm spacing in the middle of the sheets. After the ply 
was nailed into place, forming a secure load resisting diaphragm the house was 
tested by subjecting it to the design wind load. 
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Roof Sheeting Attached. 
After testing the house with the ply diaphragm ceiling in place, the roof sheeting was 
attached. The roofing material was a galvanised metal sheeting, it had a rib pattern 
and was to be fixed at each batten with a roofing screw through the rib, into the 
batten below. Sheets were 1200 mm wide and long enough for one sheet to cover the 
roof from the ridge to the eaves. On the front side of the pole house, the poles had 
been left to extend above the line of the roof. This was so that a bracket could be 
attached to the poles and the load spreaders could be suspended from this bracket. 
This arrangement meant that at the front of the roof where the poles continued past 
the roof line the roof sheeting had to be fitted around the poles. This entailed cutting 
and fitting smaller sheets to each side of the poles. After the roof sheeting had been 
attached, the house was again subjected to a lateral load, and the deflection of the 
poles was noted at each of the selected positions. Plate 5 shows the house during the 
installation of the ply ceiling and plate 6 shows the roof sheeting in position. 
191 
Plate 5. Installing the plywood ceiling 
Plate 6. The house with the roof sheeting in place. 
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Addition of Ridge Cap 
A ridge cap of galvanised steel the same thickness as the roof sheeting was attached 
on the ridge of the roof. This covered the gap at the ridge which was left when the 
two sides of the roof had been fitted with roof sheets. The ridge cap was bent to suit 
the angle of the roof, and a lip at each side was bent down to suit the depth of the 
ribs on the roof sheets themselves. The edges of the ridge cap had to be cut to match 
the profile of the roof sheets, so that it sat securely over the ribs and the edge lip sat 
down into the channel between each rib. The ridge cap was secured with a roofing 
screw at every rib, on each side of the roof. In Gebremedhin's experiment (1992) 
with a post frame building, the attachment of the ridge cap markedly reduced the 
deflections of the building, because it was the first link between the diaphragms on 
each side of the roof which until that link had been essentially two separate 
diaphragms. In the pole house experiment however, the ridge beam already provides 
a structural link between the two diaphragms, as the rafters from each side of the 
roof are securely attached to the ridge beam. The ceiling diaphragm is attached to 
the rafters and the roof sheeting is secured to the battens which form part of the 
ceiling diaphragm. Attaching the ridge cap in the pole building does not provide the 
only link between the two sides of the diaphragm. There was no measurable 
difference in the behaviour of the pole house when it was subjected to the lateral 
load test after the addition of the ridge cap. 
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Installation of Flooring. 
The flooring was selected to be tongue and groove timber strip flooring. This 
material was selected because strip type flooring systems have the least racking 
resistance compared with sheet type products, and it was decided to test the house 
using materials which would show the most deflection. The flooring was installed by 
first nailing four rows of floorboards to the joists at one side of the house. These 
provided a fixed edge or backstop so that the rest of the floor could be cramped up 
tightly. Four more rows of boards were laid beside the fastened boards and then 
flooring cramps were used to apply pressure to the loose bards and squeeze them up 
tightly against the fastened ones. These boards were then nailed into place with two 
nails through each floorboard to the joist below. This process was repeated across 
the entire floor, with rows of boards being laid beside the fastened boards then 
cramped up tightly and nailed off The floorboards had to be fitted around the poles 
where the poles continued through the floor and up to support the roof beams. This 
was accomplished by scribing the shape of the pole on the floorboard and cutting it 
out with a jigsaw. 
After the flooring had all been laid and nailed into place in the main part of the 
house, the verandah floor was laid. This was exterior flooring application, and as 
such it is better to have gaps between the boards to allow water to drain away. To 
achieve this, the supplied flooring was trimmed on both sides, to remove the tongue 
and the groove. The resulting square boards were smoothed at the corners using an 
Arris machine. The boards were laid with a 4 mm gap between them and nailed into 
place to the floor joists. The house was once again subjected to the lateral load test 
after the flooring had been completed. Plate 7 shows the flooring being installed. 
Wall framing. 
Before the next stage of testing could take place, with bracing walls, the wall 
framing had to be erected. The wall framing was all nominated to be 90 x 45 mm FS 
seasoned softwood. The bottom plates were nailed into position first, with two 75 
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mm nails through the flooring and into the joists at 450 mm centres. The top plates 
were then put into place and these were attached using batten screws to each rafter. 
Studs were then cut to size and erected, and skew nailed to the top and bottom plates 
with two 75 mm nails at each end. Window openings were marked out and allowed 
for, headers and sills were inserted and nailed into position. Noggings were cut to fix 
between the studs. There were two rows of nogging in the higher wa11s and one row 
in the shorter walls. Nogging placement has also to suit the type of cladding that was 
to be erected. Plasterboard cladding requires the noggings to be placed away from 
the edge of the sheets, but fibre cement sheet bracing walls have to have nogging 
behind the edges of the sheet to nail into. Door headers were cut to size and fitted 
and the entire construction really started to look like a house. 
Plate 7. Tongue and groove flooring being installed. 
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Plate 8 Fibre Cement Sheet Bracing wall in the Bathroom 
Plate 9 Plywood Sheet Bracing in Place. 
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Figure 1 Bracing Wall Plan. 
JB4B rsl 
< 
co 
1-
..... 
3 
co ~ 
TB1 BW1 
IT 
v 
< -~~ ~I 
1648 1~4A 
BRACING WALL Pl..AN 
BRACING WALL SCHEDULE 
WIND DIRECTION A 
WALL LENGTH CAPACITY 
(m) (kN) 
BW1 2.0 3.75 
TB1 2.7 2.0 
TB4A 1.8 4.0 
TB4B 1.8 7.2 
TOTAL 16.95 
WIND DIRECTION B 
WALL LENGTH CAPACITY 
(m) (kN) 
BW1 4.0 8.0 
TB4A 1.8 4.0 
TOTAL 12.0 
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Fibre Cement Sheet Bracing Panels. 
The bracing requirements for the house were that it should withstand 14.2 kN in the 
sideways direction and 9.7 kN in the front to back direction. It was decided that the 
bracing would be provided by using some bracing walls of fibre cement sheeting, 
(for wet areas), some plywood bracing sheets and diagonal metal braces. The bracing 
layout can be seen in figure 1. Figure 1 is a partial copy of the house plans which 
appear in Appendix 1. 
One of the manufacturers of fibre cement sheet, James Hardie Building Products, 
who donated the materials for the bracing walls for the wet areas also donated some 
"Hardibrace" bracing sheets they had developed to be used instead of the traditional 
ply. These sheets were supplied to be tested in parallel with the ply sheets to see how 
their response to loading compared with that of the ply. There were two bracing 
panels on the western end wall of the house and it was decided to install the 
"Hardibrace" on this end wall first, then replace the two bracing panels with the ply 
sheets and then compare the test results. 
The fibre cement bracing in the "wet" areas of the bathroom and toilet sheets were 
erected first. The remaining bracing walls, the diagonal metal angle brace and the 
fibre cement bracing panels were then installed. Each bracing wall was secured at 
the bottom with bolts through the floor joist. In cases where the bracing walls ran 
parallel to the floor joists, a short piece of timber was fixed between the floor joists 
and the bracing walls were bolted to this bridging piece. Once all the bracing walls 
were erected the house was once again tested by subjecting it to a lateral load, via 
the cables and load spreaders. 
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Plywood Sheet Bracing Panels. 
After the first of the tests on the house with the bracing walls attached the fibre 
cement panels were removed from the western endwall and they were replaced with 
the 4 mm F14 plywood bracing panels. The nail spacing for these was as indicated, 
150 mm centres for the type TB4A. Type TB4A bracing wall is rated at 2.25 kN /m 
bracing capacity. After these panels had been erected the house was again subjected 
to the lateral load, this time to check the performance of the ply bracing panels 
compared to the fibre cement bracing panels. The deflection differences between the 
two bracing systems were negligible. 
Exterior cladding. 
The exterior cladding was chosen to be fibre cement product, in the form of 
weatherboards. Once again, as with the strip flooring, it was decided that it would be 
most beneficial to include in the building a building material which had the least 
resistance to racking, and would show more deflection. Sheet type cladding products 
would provide more racking resistance than the weatherboards. The boards were 
nailed into place as per the manufacturers instructions, and metal joining clips were 
used to join boards edge to edge. The weatherboards were nailed at each stud with 
two 40 mm galvanised nails. The boards were lapped over the board below, and the 
nail went through the two lapped boards to the stud. Sealant was applied to the 
boards at the gaps where they were joined over the metal clips and at the ends of the 
boards where they were butted up to a timber edge strip. 
After the exterior cladding had all been fitted the house was once again tested by 
applying the lateral load through the cables and load spreaders. Plate 10 shows the 
house with the exterior cladding in place. 
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Plate 10 The Experimental House Complete With Exterior Cladding. 
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Plate 11... Installing plasterboard sheeting to the internal walls. 
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Interior cladding. 
The interior cladding was chosen to be plasterboard as is widely used in domestic 
construction. The plasterboard was CSR Gyprock, donated by CSR. The wet areas 
were clad inside with the fibre cement sheet. The fibre cement sheet was the same as 
was used in the wet area bracing wall, but where it was used as ordinary cladding the 
nail spacing was greater than that specified for the bracing wall. The plaster board 
was erected according to the manufacturer's instructions using a combination of 
plasterboard nails and special adhesive. The adhesive was applied to the studs, and 
the sheets were put into place and held in position by nailing until the adhesive had 
set. The sheets were nailed around the edges at the specified nailing distance. Some 
smaller sheets around windows were held in place by nailing alone. Plate 11 shows 
the inside of the house during the installation of the interior cladding. 
After the interior cladding had been completed, the house was once again subjected 
to the lateral load test. This marked the last test in the series. 
Summary 
This appendix provides a sequential description of the pole house construction from 
pole erection to the installation of the interior cladding. The method of construction 
and problems encountered have been outlined and comments provided on how the 
fixing method could affect the load response of the system. 
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APPENDIX3 
TEST DATA 
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House Pole Deflections 
The pole house deflection results for the tests at each of the different stages of 
construction are shown in the following pages. The test number and the load applied 
to the structure appear at the top of each diagram. Each box represents a pole in the 
pole house and the figures in each box show the floor deflection and eaves deflection 
for that pole. The pole number appears above each of the boxes on the top right hand 
comer. Pole 1, 2, and 3 were at the front of the house, closest to the strongfloor. The 
row of poles 4, 5 and 6 supported the ridge beam of the roof and the row of poles 
numbered 7, 8, and 9 were at the back of the house furthest from the strongfloor. 
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House Pole deflections 
Load Test 
j15 kN 11 
9 6 3 
C] C3J ~ 
8 5 2 
Gl 8 D Gl 6 
7 4 1 
~ 5 C] D 8 
House Pole deflections 
Load Test 
l20 kN 11 
9 6 3 
~ 5 ~ 8 ~ 2 
8 5 2 
~ 5 D D 
7 4 1 
Q 8 L:] ~ 4 
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House Pole deflections 
Load Test 
j15 kN 21 
9 6 3 
Q 7 D 3 D 
8 5 2 
D 8 D D 
7 4 1 
~ D 9 D . 
House Pole deflections 
Load Test 
j2o kN 21 
9 6 3 
D D D 
D D 
D D 
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House Pole deflections 
Load Test 
115 kN 3j 
9 6 3 
Q 2 c=]] 7 Q 3 
8 5 2 
Q 9 [==:1 D 
7 4 1 
~ 5 ~ 5 ~ 8 
House Pole deflections 
Load Test 
120 kN 31 
9 6 3 
Q 2 ~ 8 D 
8 5 2 
Q 8 [J] 5 Q 5 
7 4 1 Q Q 7 []] 8 
207 
House Pole deflections 
Load Test 
J15 kN 4j 
9 6 3 
~ OJ 5 Q 5 
8 5 2 
~ 7 OJ 5 D 
7 4 1 
Q 8 c=5] Q 2 
House Pole deflections 
Load Test 
120 kN 4j 
9 6 3 [3] 7 D 0 D 
8 5 2 
0] 3 OJ 8 D 
7 4 1 []] 7 Q 7 0] 3 
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House Pole deflections 
Load Test 
115 kN 51 
9 6 3 
C]] 5 L]] ~ 2 
8 5 2 [3] 3 D D 5 
7 4 1 
~ 7 D ~ 7 
House Pole deflections 
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House Pole deflections 
Load Test 
f15 kN 61 
9 6 3 
CJ] 5 LJ] 5 D 2 
8 5 2 
LJ] 5 D D 
7 4 1 
LJ] 4 C]1 7 LJ] 2 
House Pole deflections 
Load Test 
j20 kN 61 
9 6 3 
D o· [J]] 3 
8 5 2 
D 5 D ~ 
7 4 1 
D []] 5 []] 5 
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House Pole deflections 
Load Test 
f15 kN 71 
9 6 3 [J] 2 D D 
8 5 2 
LJ] 6 D Q 
7 4 1 
D D1 D 4 5 . 
House Pole deflections 
Load Test 
f2o kN 71 
9 6 3 
LJ] 2 D·· LJ] 9 
8 5 2 
~ 5 D CJ 
7 4 1 
D 7 C1] 4 [J] 4 
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House Pole deflections 
Load Test 
115 kN 81 
9 6 3 
D 5 D D 
8 5 2 
D 2 D u 3 
7 4 1 
D Q D 
House Pole deflections 
Load Test 
120 kN 81 
9 6 3 
LJ] 4 Q u 9 
8 5 2 
CJ] 5 D []] 8 
7 4 1 
D Q []] 2 
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House Pole deflections 
Load Test 
j15 kN I gj 
9 6 3 []] 7 []}] 7 D 
8 5 2 
D 6 D c=]] 4 
7 4 1 
~ 6 [J] 5 D 5 
House Pole deflections 
Load Test 
j20 kN gj 
9 6 3 
D 5 D [J] 5 
8 5 2 [J] 7 D [J] 6 
7 4 1 
D 7 D [J] 6 
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Comparison Field Tests and Computer Model 
This series of test results shows a comparison between the Pole House deflections 
and the Computer model results for the same load. The boxes once again represent a 
pole in the pole house. The figures in the box again represent the deflection at eaves 
level and floor level, this time the deflections obtained from the field tests are in 
ordinary typeface and the multiframe computer model deflection results are shown 
alongside in italics. 
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Deflections 
House Mu/liframe 
Eave Eave 
Floor Floor 
Test One Frame only 
,~--~~-~~] 
Pole 9 
r~. -4~ 4 .. 5.-1 10.5 13 
Pole 8 
44 43 
-, I 11.8 12 
Pole 7 
1-.l 
VI 
I oad 2fll<n 
~ 30 331 
10 12 
Pole G 
I 3~ ~;J 
Pole 5 
[-_ -- 3~ ~~1 
Pole4 
1- ;~ ~~I 
Pole 3 
,--- 4o-~~~ 
Pole 2 
I 43.5 • u431 
11.4 12 
Pole 1 
S F 
T L 
R 0 
0 0 
N r\ 
G 
10 
o- Deflections 
House Multiframe 
Eave Eave 
Floor Floor 
THst Four Ply ceiling and roof l oau 20Kn 
[ 37.5 43.61 
9.7 12.2 
Pole 9 
[
- 38.5-~3.8 
7.3 13 ~..-. __ .;..;..__ 
Pole 8 
I 40.5 43.6] 
10.7 12.2 
Pole 7 
,-30 33.51 L 10 12.2 
Pole 6 
c= 4~~ 34;;1 
Pole 5 
I 33 L __ 10.1 
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33 5 
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,~-----~~~~] 
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1- ---4-~:~- - ~~~:~) 
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T L 
R 0 
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N R 
G 
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Deflections 
House Multifrarne 
Eave Eave 
Floor Floor 
Test Five Floor on 
r·· .. --27--3i~71 6.5 9.3 
Pole 9 
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I 2; 2~~J 
Pole4 
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S F 
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N R 
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(X) 
Deflections 
House Multiframe 
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Eave 
Floor 
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l ---------~ 7.8 9 2.5 4 1 
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1
-- -- ----~ ---~-_-1 9.5 10.9 
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Pole 7 
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3.5 3.7 
Pole 6 
[ ~I 
Pole 5 
8.2 9 4 
-, [ 37 -16 
Pole4 
[ 76 =rn 2.2 3.7 
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[ 8.3 9.2, 
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Pole 2 
,-- 9.4 1691 
3.2 4.7 
Pole 1 
S F 
T L 
R 0 
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1-.l 
\[) 
Deflections 
House 
Eave 
Floor 
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Eave 
Floor 
Test Eight External Cladding 
~--~:r---~ 
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Pole 8 
[
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Deflections 
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Floor 
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Floor 
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G 
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Deflection Results from Field Tests 
The following graphs are a sample of the data returned from the field tests on the 
experimental pole house. Each graph shows the deflection versus total load for one 
of the deflection measuring devices. 
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Load Deflection Graphs for Each Pole 
The following graphs show a comparison between the load - deflection results for 
each of the poles as the total load on the structure is increased in 5 kN increments. 
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Pole Ultimate Load Calculation Methods 
The graphs and equations in the following pages were used to determine the ultimate 
load capacity of the embedded poles. 
Brinch Hansen Equation for calculating the ultimate lateral resistance of a short rigid 
pile 
Z=x Z=l 
L: P z L/n( e+z)B - L: P z L/n( e+z)B 
z=O z=x 
Pz = Cu kcz =unit passive resistance of each element 
Z =Depth to element 
Divide into number of Lengths, Lin 
Width= 8 
kc from graph depends on z/8 
Brinch Hansen Kc Coefficient 
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P -:--:-:::-:b:;:..::D-:2::-::--:-:-C•- •-;;;: S1 2.37 D-+ 2.64 H 
c D2 
L • b • 2.37 D -+ 2. 64 t-• 
CHART FOR 
EMBEDMENT OF POSl 
WITH OVERTURNING LO 
BASCO ON 1/2~ I.AOTION AT GROUND . 
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Values of Modulus of Elasticity for the 150 x 50 Joists I 
I 
I 
150x50 I 
I 
1 17310.31 15) I 21640.05javerage 
2 17967.98 3 I I 
3 18437.25 251 2171.035lstdev pop 
4 18783.21 181 I I 
5 18966.25 10! . 0.1 00325 i coefficient of variation! 
61 19107.97 81 I ! 
7 I 19146.291 211 ! I I I 
8 I 19677.18 331 I i ! 
9 19792.83 22! ! I I 
10 19836.21 301 I ! I I I 
111 I 20323.18! 41 I I i I I ! 
12i \ 20449.991 27\ i i i I I I 
13 20922.441 17! I ! I i 
14j 1 21413.79 11i ! I I I I 
15i 1 21460.94 24! I I ! I ! I 
161 21506.9! 26i ! i I I 
' 
17i I 21649.63 201 i I I i 
18 21789.89! 28! I i I I I 
19 I 21799.961 31j ' ' I i I I 
20/ I 21838.31 i 14! i ' I I ! 
21i I 21900.761 12! I ; I i I I 
221 ! 22083.93! 131 i I I ! 
231 I 22583.681 191 i i I ! 
24! i 22689.19i 6: i I I 
251 I 22689.19! 1 \ I i I 
26i i 22796.671 35i ! i 
27: i 22901.791 23: i : ' 
28! i 23000! 291 ' ! i I 
29i I 23053.49! 34: I 
' 30j i 24000: 32! ! ! 
31 i ! 24059.38\ 36i I I i 
32! i 24175.33/ Si i ! 
33i i 24297.03/ 9/ i i I 
34i i 24533.481 16i ' ' 
' 
I 
35i i 24909.92! 7; I 
361 i 27187.32; 2i I 
I 
' I ! I I I I 
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